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AB5TRA.CT 
The poultry industry is one of the largest and fastest growing sectors of animal 
production in the world. Increasing poultry production results in more manure accumulation, 
posing a potential risk in surface and subsurface water nutrient contamination from outdoor 
stockpiling of manure. This study was conducted to determine the degree of risk of water 
pollution caused by outdoor stockpiling of manure. 
The project consisted of four parts. The first part of the study utilized rainfall 
simulation to monitor the rate of surface run-off as affected by the different shapes of the 
piles. Three replicates of trapezoidal micro-plots and three replicates of triangular micro-
plots were rained with 3.3 in,/hr simulated rainfall. The trapezoidal shaped piles showed 
significantly lower nutrient concentration in surface run-off as compared to the triangular 
shaped piles by an average of 34.5 % for turkey manure (40.24% for N~3 + NO2, 47.01 % for 
NH4-N, 24.20% for P2~5, 33.96% for soluble P20 5, 37.44% for total Kjedahl nitrogen, 
33.21 % for total solids and 25.40% for K20), and an average of 22.5% for layer manure 
(7.77% for NO3 + NO2, 32.26% for NH4-N, 7.70% for P20 5, 36.43 for soluble P20 5, 36.35% 
for total Kjedahl nitrogen, 11.42% for total solids and 23.82% for K20). 
The second part of the study monitored subsurface water quality underneath 
"permanent" uncovered stockpiles on a commercial farm in Ellsworth, IA .using piezometers. 
The piezometers were located underneath the stockpiles and underneath a grassy area away 
from the piles. Stockpiles are used for temporary storage of litter removed from turkey 
grower houses. The site was monitored using six piezometers. Three check piezometers were 
located away from the stockpile and another three piezometers were located underneath the 
stockpile. Results show that the NO3 + NO2 concentration was significantly higher in grassy 
areas as compared to the one underneath the piles by 83.19%. Ammonia nitrogen was found 
to be higher underneath the piles compared to the grassy area by 59.15%. Potassium 
concentration was higher underneath the stockpile by 74.81 %. Total Kjeldahl nitrogen, total 
phosphorus, soluble phosphorus and total solids were not significantly different underneath 
the stockpiles and underneath grassy areas. 
A third part consisted of a laboratory investigation that leached water through manure 
columns to measure the effect of compaction on the rate of leaching the water through the 
piles. Three replicates of each of the different densities (base, +5%, +10%) of turkey and 
layer manure were added with 232 ml (approx. 1 inch) per day until the cylinders started 
leaching in order to determine the water holding capacity of the manures. Three and 3.5 
inches of moisture (rainfall) per foot of stockpile depth were added before any liquid leached 
out. Compaction decreased the volume of leachate by 19% (for turkey manure only) fora 5 % 
increase in compaction. A reduction of 34% (for turkey manure) and 37% (for layer manure) 
in volume of leachate was observed fora 10% increase in compaction. 
The fourth part consisted of monitoring two small research piles (turkey and layer) in 
Field 5 of the Agricultural Engineering farm in Boone, Iowa. The mass balance of nutrients 
and water from the stockpiles showed that layer manure released more volume in the surface 
runoff than in the subsurface run-off by 97.16%, while turkey manure released more volume 
of surface run-off than subsurface run-off by 63.21 %. This is also supported by the moisture 
analysis since layer manure had more constant and higher moisture than the turkey manure. 
Nutrient mass balance in the surface runoff for the turkey stockpile was significantly higher 
than concentrations in subsurface water (38.57% for NO3 + NO2, 95.21 %for NH4-N, 69.19% 
1X 
for P20 5, 97.79% for soluble P2C15, 74.05% for total Kjedahl nitrogen, 49.09% for total solids 
and 97.14% for K20). Mass balance of the nutrients in the layer stockpiles showed that the 
mass flow of the nutrients in the subsurface flow was significantly less than the mass flow of 
the nutrients in the surface run-off (93.79% for NH4-N, 80.27% for P20 5, 96.79% for soluble 
P20 5, 79.47% for total Kjedahl nitrogen, 80.07% for total solids and 92.71 % for K20) except 
for NC~3 + N~2 mass flow which was 94.58% greater in the subsurface flow compared to the 
surface run-off. 
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CHAPTER 1: INTRODUCTION 
Poultry Production in the U.S. 
The United States is currently the world's largest producer and exporter of poultry meat 
and the second largest egg producer. For 2003, the broiler production in the U.S. was 32,749 
million lbs while the turkey production was 5650 million lbs. The U.S. exported 4932 million 
lbs of broiler (15.06°Io annual production) and 483 million lbs of turkey (8.55% annual 
production) amounting to about $3 billion/year revenue for broilers and $300 million/year 
revenue for turkeys (Southard, 2004). 
Concentration of broiler production extends from Delaware, south along the Atlantic 
coast to Georgia, then westward through Alabama, Mississippi, and Arkansas. In 1999, these 
States accounted for over 70°Io of broilers produced in the U. S . The five top broiler producing 
states are as follows: Georgia, Arkansas, Alabama, Mississippi and North Carolina. (Harvey, 
2002) 
Turkey production, on the other hand, is geographically more scattered than broiler 
production. The top five turkey producing states are North Carolina, Minnesota, Arkansas, 
Virginia and California (Harvey, 2002). Iowa ranks ninth, nationally, in turkey production. 
U. S . egg and egg product exports are a relatively minor proportion of domestic 
production. Total egg production was 74,484 million eggs for 2003 (Southard, 2004). The 
large majority of the U. S . table egg production is consumed domestically. The top five egg 
producing states in 1999 were as follows: Ohio, Iowa, California, Pennsylvania and Indiana 
(Harvey, 2002) . Since then, Iowa has taken over as the nation's # 1 egg producer (Danley-
Greiner, 2004). 
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Turkey litter and layer manure production has increasingly become more of a concern 
in terms of their pollution potential to surface and subsurface water prior to land application. 
Poultry Manure Production 
generally, solid manure is easier to handle a.nd is thought to pose less environmental 
risk than liquid manure. However, poultry manure contains very concentrated nutrients. 
Typical concentrations for N-P2O5-K2O for layer manure are 34-51-26 pounds per ton, 
respectively. For turkey litter, the concentrations are 40-50-30 (1~~IWPS, 2000). These 
concentrations compare to swine deep pit concentrations (on a lb/ton basis) of 12-10-7 
(l~~IWPS, 2000). So, even though the manure itself doesn't flow with gravity, there is 
concern that precipitation may interact with it, and transport contaminants into the 
environment. 
On average, layers produce 10.5 tons of manure per 1000 birds annually (Killorn and 
Lorimor, 1999). The manure is cleaned out of buildings once a year. Temporary stockpiles 
are constructed in the fields until land applied. 
On average, turkeys produce 35 tons of manure per 1000 birds annually (Killorn and 
Lorimor, 1999). The turkey barns are cleaned between flocks (usually 3 growth cycles per 
year) throughout the year. The major difference in the tonnage of manure between turkey and 
layer is the fact that bedding is usually used in turkey houses. Bedding consists of wood 
shavings, sawdust, or peanut hulls. Bedding mixed with manure, is called litter (Felton et a1., 
2003; Sauer et a1., 1999; Williams et al., 1999). The manure is stockpiled when land is 
growing crops. 
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Poultry Stockpiling 
Over 90% of the poultry litter produced is land applied (Felton et al., 2003; Moore et 
al., 1995). The main problem with poultry manure is that land area is not always available to 
apply the manure when it is removed from the production buildings. Cleaning of the poultry 
houses does not always coincide with the availability of open cropland or with suitable field 
conditions that permit operation of equipment or promote efficient nutrient uptake. Storage 
must then be provided until conditions are more suitable for spreading, or until litter can be 
picked up for use by others as fertilizer, compost or animal feed. (Collins, 1996) 
Storage of poultry litter can occur under a covered shed, as uncovered stockpile, or a 
covered stockpile. Stockpiling of poultry manure is a common practice in the Midwest. 
Turkey manure is usually removed from the turkey houses between flocks and stockpiled 
prior to land application. Turkey growers usually have "long term" (all year round) 
stockpiles. Layer manures is normally stockpiled for short periods (once a year and piled for 
a couple of days) when the buildings are cleaned in the fall. 
A study by Saini et a1. (2001) showed that regardless of when the manure was stockpiled, 
microbial growth in the manure does not start until the first rainfall. The nutrients and 
microbes may be washed into surface drains or streams or leached into groundwater. Proper 
storage is very important. Improper storage not only results in economic loss from reduced 
fertilizer value (e.g. fivefold reduction of nitrogen in manure due to uncovered stockpiling 
for long periods before application on cropland (Collins, 1996)) but also poses a significant 
risk in water quality reduction when dissolved nutrients, sediments or microbes are carried 
into surface or groundwater. For this study, the extent of contamination of surface and 
subsurface water from uncovered piles was determined. 
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For proper manure stockpiling, storage sites should be located on high ground that 
has good surface drainage, not subject to pending flooding, and located at least 100 feet from 
flowing streams or drainage ways. Normally wet areas or other areas that tend toward 
running or standing water must be avoided. A concrete base is the best lining to avoid 
groundwater contamination during storage. However, where a concrete base is not used, 
stockpile on an impermeable base such as well-compacted clay should be used to minimize 
leaching and bacterial contamination into the soil and groundwater table. A minimum of 4 
feet (vertical) is recommended between the base of the pile and the seasonal high 
groundwater table. (Collins, 1996) 
"Deep stacking" refers to the process of stockpiling litter for later use. This is the 
common practice with turkey litter. Litter should be stacked 6 to 8 feet high at the peak of the 
stack to ensure a critical mass that promotes acceptable heating and minimizes the possibility 
of spontaneous combustion. Litter can be stockpiled in a temporary windrow or bunker 
arrangement with reasonable success. The advantage of such temporary storage is the low 
investment cost as compared to roofed facilities. The disadvantage of windrow or bunker 
storage is the failure to protect the material from rainwater and assure atop-quality product. 
Windrow piles can be constructed by dumping litter in a narrow pile, preferably compacted 
to save space (Carter, 1996). Ideally, these stockpiles should be located on top of ground 
liners such as plastic or concrete to prevent potential leaching and infiltration of nutrients. 
As a result of the stockpiling, some risk of the nutrients being removed due to surface 
run-off and leaching exists. Water quality resulting from surface and subsurface run-off is of 
great concern among farmers today. 
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Pollution potential of nutrients 
Poultry and turkey manure are valuable fertilizer resources because they contain 
essential plant nutrients such as nitrogen and phosphorus. However, the very same nutrients 
that make it a valuable resource also make it a potential environmental contaminant. 
Nitrogen is of interest because of human health risks and Gulf of Mexico hypoxia 
concerns. The main concern for phosphorus is the fact that phosphorus, together with 
nitrogen, when transported from agricultural soils to bodies of water, can promote 
eutrophication (Sharpley, 2001). 
To date, few studies have evaluated the environmental risk of stockpiled poultry 
manure. Lorimor and Xin (1999) examined layer manure production and nutrient 
concentration, but did not consider leaching or nutrient loss potential. A study by Moncrief 
et al. (2003) looked at leaching through turkey litter. They concluded that the litter could 
hold 4.5 inches of moisture per foot of litter depth, and that the greatest threat for loss was 
near the edge of the triangular pile. A study by Felton et al. (2003) on covered and 
uncovered stockpiles showed that orthophosphate concentrations in leachate were reduced by 
a factor of 47 on sandy loam soil but were unaffected on silt clay loam soil. In run-off water, 
covering stockpiles resulted in a 9% reduction in nitrate from the leachate on sandy soil but 
had no advantage on a silty clay loam. 
Objectives 
The objective of this study was to determine the potential of uncovered stockpiles to 
cause water pollution of groundwater and surface water. 
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Specifically, the aim of this study was to deternune the most effective shape 
(triangular or trapezoidal) in preventing runoff water from removing nutrients in the manure 
pile during excessive rainfall. 
A second objective of this study was to monitor the extent of contamination in 
groundwater and surface water that resulted from leaching and runoff of nutrients from a 
turkey litter stockpile. 
The third objective was to deternune the moisture holding capacity the poultry 
manure and to determine the quantitative effect of compaction on that moisture holding 
capacity. 
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CHAPTER 2: LITERATURE REVIEW 
Poultry Industry 
The poultry industry is one of the fastest growing industries in the U.S. Table 1 below 
shows the broiler and turkey production, consumption, market prices and export for the years 
2001, 2002, 2003 and forecasted values for 2004. Poultry production continues to rise but at 
a lower rate than during the 1980s and 1990s, due to the maturity of the domestic sector and 
the slower growth exports. 
Table 1. Poultry forecast for annual production, per capita consumption, market prices and 
U.S. trade (from the USDA-Economic Research Service, 2004) 
Poultry Forecast 2001 2002 2003 2004 
forecast 
Production, million lb Annual Annual Annual Annual 
Broilers 31,266 32,240 32,749 34,040 
Turkey 5,562 5,713 5,650 5,525 
Table eggs, mil.doz. 6,078 6,190 6,207 6,255 
Per capita consumption, retail lb ' 
_ 
Broiler 76.6 80.5 81.4 83.8 
Turkey 17.5 17.7 17.4 17.0 
Eggs, number 252.7 255.5 254.2 252.3 
Market prices 
Broilers, 12 City, cents/lb 59.1 55.6 62 70-73 
Turkeys, Eastern, cents/lb 66.3 64.5 62.1 62-65 
US trade, million lb 
Broiler exports 5,555 4,807 4932 4955 
Turkey exports 487 439 483 470 
'Per capita meat and egg consumption data are revised, incorporating a new population series from the U.S. Commerce Department's 
Bureau of Economic Analysis based on the 2000 Census. 
U.S. broiler export growth is expected to slow from a rate of 5% (Sims and Wolf, 
1994; Chinkuyu, et al., 2002) in the 1990's down to about 2-3%, annually. This is as a result 
of the strong competition that U. S . producers will face from other major broiler exporting 
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countries particularly Brazil and Thailand. Major U.S. export markets include Asia, Russia, 
Eastern Europe, and Mexico. (USDA-Baseline projections, 2004) 
Because of this annual increase in broiler production, there will be times when 
growers must temporarily store or stockpile litter between house clean-out and the time the 
litter is either land spread or moved off-farm. (Barker, 1996) 
A major concern with the stockpiling of manure is the potential of the nutrients to 
become contaminants to both surface water and groundwater. 
The principal nutrients of concern in the aquatic environment are nitrogen and 
phosphorus. Different environmental conditions affect the conversion of different forms of 
these nutrients. Nitrogen is present in the soil, water and air (air contains around 78% N); 
(Linsley et al., 1988). 
In water quality analyses, total nitrogen (TN) includes the Organic-N (ON), total 
ammonia nitrogen (TAN), nitrite (NO2) and nitrate (NO3) forms. Total Kjeldahl nitrogen 
(TKN) includes ON and TAN. Nitrogen in fresh manure is mostly in the organic form (60 to 
80% of TN). From 40 to 90% of the ON is converted to ammonia within four to five months 
after application to the land (AWMFH, 1992). The conversion of ON to ammonia is called 
mineralization. Mineralization can occur either under aerobic or anaerobic conditions 
(AWMFH, 1992). Powers and Van Horn (2001) noted that 40% to 75% of excreted N for 
birds is as uric acid that can quickly volatilize as ammonia; about 35% to 60% of excreted N 
is lost to the atmosphere. This suggests that most of the losses in bird excretions aze due to 
nitrogen and nitrogen compound volatilization. Pand Klosses are small. 
TAN is used to refer to two compounds: NH4 (ammonium ion) and NH3 (un-ionized 
ammonia). Depending on pH and temperature, the concentrations of these forms of ammonia 
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exist in equilibrium. The allowable limit of 0.02 mg/1 for un-ionized ammonia to protect 
aquatic life was established by the U.S. Environmental Protection Agency (EPA) (AWMFH, 
1992). Ammonium nitrogen is relatively immobile in the soil. The positively charged NH4+
tends to attach to the negatively charged clay particles and, generally, remains in place until 
converted to other forms (AWMFH, 1992). Temperature, wind and humidity will affect 
ammonia losses. Ammonia can be converted to nitrite and then to nitrate (nitrification) only 
under aerobic conditions. For this reason organic N and ammonia N are generally the only 
forms of nitrogen in anaerobic lagoons or storage ponds. Nitrite (NOZ) is normally a 
transitory phase in the nitrification and denitrification processes. Minimal NO2 is usually 
detected in the soil or in natural waters. For Iowa, the EPA has recommended a nitrite limit 
of 0.1 mg/L. Nitrate (NO3") is the end product of the conversion of N from the ammonia form 
to nitrite and then to nitrate under aerobic conditions (mineralization). The nitrate form of N 
is soluble in water and is used readily by plants. Several factors may affect nitrate 
concentrations: rainfall, slope of the land, amount and age of manure on the ground surface, 
and extent of crop cover (AWMFH, 1992). 
Elevated nitrate levels have also been observed in the spring run-off from fields 
where manure had been applied to snow-covered or frozen ground. In addition, the discharge 
from underground drainage lines in cropland fields can have elevated concentrations of NO3 . 
(AWMFH, 1992) 
Nitrogen, in the form of nitrate, poses a significant risk to surface water and 
groundwater contamination. Nitrate itself is generally not a concern with respect to human 
health. However, bacteria and other substances in the human body can transform nitrate from 
drinking water into nitrite which can then be transformed into nitrosamines. Nitrosamines are 
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compounds formed by nitrite and secondary amines; they are also found in trace amounts in 
some processed fish and cured meats. Nitrite and nitrosamines have been shown to adversely 
affect human health. (AWMFH, 1992) 
This is why the federal government regulates nitrate and nitrite levels in public 
drinking water supplies. A drinking water limit set by the Safe Drinking Water Act of 1974 
for NO3-N is 10 mg/L (equivalent to 45 mg/L for NO3 ); (EPA, 1992). A major health 
concern is methemoglobinemia, also called blue-baby syndrome. This is a pathological 
condition in which blood's capacity for oxygen transport is reduced, resulting in bluish skin 
discoloration in infants. Pregnant women ingesting water contaminated with nitrates or 
certain other substances is a cause (WEF, 2002). This is a common problem in small villages 
in less developed nations where adequate wastewater disposal is lacking (e.g. Syria). This is 
not so common in the United States however; an isolated case has been reported on the death 
of a 2 month old baby (LacyJo Geyer) in South Dakota due to nitrate poisoning (Fruhling, 
1986). Another incident was that of an infant treated for methemoglobinemia in 1980 in New 
Mexico after ingesting oatmeal and baby formula prepared with water that was high in nitrate 
(McQuillan et a1.,1999). 
Other health problems associated with nitrate include: hyperthyroidism (goiter) 
(Seffner, 1995); increased ri sk for central nervous system malformations in newborns 
(Arbuckle et a1., 1988); genotoxic effects at the chromosomal level (van Maanen et al., 
1996); and increased risk of developing insulin-dependent diabetes (Kostraba et a1., 1992). 
Another cause for concern is the hypoxia problem due to high concentrations of nitrogen in 
surface run-off that flowed from the Mississippi River through the Gulf of Mexico resulting 
to low 0 2 in Gulf waters. This is mainly caused by improper nutrient management in 
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agricultural activities in the US (mostly from the Midwest: Minnesota, Wisconsin, Iowa, 
Missouri, and Illinois) (Task Force Report, 1999; Lang, 2004). 
A majority of nitrates in groundwater comes from agriculture, followed by septic 
systems and other sources. (The nutrient management subcommittee of the non-point source 
pollution abatement program redesign, 1999). 
The Nitrogen Cycle 
The nitrogen cycle characterizes one of the most important nutrient cycles found in 
terrestrial ecosystems. Despite the abundance of nitrogen in the atmosphere, it is often the 
most limiting nutrient for plant growth because most plants can only take up nitrogen in the 
ammonium ion (NH4+ )form and the ion nitrate (NO3- ) form. 
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Figure 1 shows how nitrogen eventually leaches down through soil in the form of 
ammonium, nitrate and nitrite or is converted to gaseous compounds and lost to the 
atmosphere. Human activities have severely altered the nitrogen cycle. Cane of the major 
human activities include: fertilizer application to crops causing increased rates of 
denitrification and leaching of nitrate into groundwater, eventually flowing into streams, 
rivers, lakes, and estuaries. Another activity is increased deposition of nitrogen from 
atmospheric sources because of fossil fuel combustion and forest burning. A third activity is 
livestock ranching which releases large amounts of ammonia into the environment from their 
wastes (Pidwirny, 2004). 
Phosphorus 
Phosphorus is one of the major nutrients needed for plant growth. There are several 
forms of phosphorus. Water samples are usually analyzed for total phosphorus. Total 
phosphorus can include organic and inorganic (soluble or attached) forms (AWMFH, 1992}. 
organic phosphorus (part of living organisms), is the principal form of P in the metabolic 
byproducts (wastes) of most animals. About 73% of the phosphorus in fresh waste of various 
types of livestock is in the organic form (AWMFH, 1992). Soluble phosphorus (available or 
dissolved phosphorus), is the form used by all plants. It is also the form that is subject to 
leaching and usually accounts for less than 15% of the total phosphorus in most soils 
(AWMFH, 1992). 50 to 75% of the plant P is inorganic (Sharpley, 2001). Attached 
phosphorus includes those compounds that are formed when anionic (negatively charged) 
forms of dissolved P become attached to cations, such as iron, aluminum, and calcium. 
Attached phosphorus includes labile, or loosely bound, forms and those that are "fixed" or 
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tightly adsorbed, on or within individual soil particles. It should be noted that the P that is 
loosely bound to the soil particles (labile P) remains in equilibrium with the soluble P. Thus, 
when the concentration of soluble P is reduced, because of the removal by plants, some of the 
labile P is converted to the soluble form to maintain equilibrium (AWMFH, 1992). 
In comparison to nitrogen and carbon in the soil, the rate at which phosphate salts are 
released is extremely slow. To alleviate the phosphate demand, the addition of phosphate 
fertilizers has become the solution humans employ to maintain and increase crop production. 
P in surface run-off forms its release from a thin, 1-2 inch surface layer of soil and 
plant material. (Sharpley 2001). 
Phosphorus run-off from farm lands (using manure as fertilizer) into surface waters 
can pose water quality concerns (Powers and Flatow, 2002). Eutrophication is the process of 
enrichment with nutrients that can cause algal growth and decreased dissolved oxygen in 
bodies of water (Norfleet, 2003). Nitrogen (N) and phosphorus (P) both affect eutrophication 
but P is the critical element in most fresh waters, while N generally controls aquatic plant 
growth when salinity increases (Sharpley, 2001). 
Neurological damage in people exposed to highly toxic volatile chemicals produced 
by dinoflagellates during eutrophication has increased public awareness of eutrophication 
(Sharpley, 2001). Different states have different proposed environmental thresholds proposed 
by the EPA. Table 2 shows the different proposed limits of P for the different states. The 
currently proposed limit for Iowa is 50 µg/L for lakes and 100 µg/L for streams (AWMFH, 
1992). 
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Table 2. Prouosed limits of P for the different states 
State P limit, mg/kg 
Arkansas 150 
Colorado 100 
Delaware SO 
Idaho 50 & 100 
Kansas 100-200 
Ohio 150 
Oklahoma 130 
Maine 40-100 
Maryland 75 
Michigan 75 
Mississippi 70 
Texas 200 
Wisconsin 75 
(Sharpley, 2001) 
Some environmental laws have been implemented protecting the environment from 
further nutrient contamination due to agricultural activities. The recent Iowa livestock bill 
(SF 2293) had new changes. The first change is the implementation of a P standard in 
manure management. The second change is on the protection of "valuable" and "vulnerable" 
resources. The third change is funding through permit fees to cover the administrative costs 
of preventing livestock pollution. (Iowa Environmental Council (SF2293), 2004) 
Iowa has 157 listed waters appearing on the impaired waters list. In the past, manure 
application was based on the nitrogen content of the manure and the nitrogen needs of the 
crops grown. Resulting in two to threefold Pover-applied to soil ending up into the 
waterways with sediment. The Iowa P index is based on the Natural Resources Conservation 
Service (NRCS) Technical Guide for Iowa set by the Iowa Department of Natural Resources. 
The P index is based only on topography, erosion and soil P. The limit for this is that P can 
still be over-applied where land has lesser slope offering less protection for soil and water 
than if crop usage were also considered (Iowa Environmental Council (SF2293), 2004). 
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Water contamination from CAFOs (Concentrated Animal Feeding Operations) from 
nitrogen, phosphorus, microbes and antibiotics may increase the concentration of livestock 
and liquid manure storage and spreading. Contamination risk can be reduced with decreasing 
livestock concentration, proper waste management, well planned CAFO concentration and 
well planned CAFO locations that consider regional water quality, avoiding sandy soils, 
shallow groundwater and flood plains. (Dodd et al., 2003). 
The Phosphorus Cycle 
The phosphorus cycle is different from the water, carbon, and nitrogen cycles because 
phosphorus cannot achieve the gaseous state in the atmosphere. 
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Figure 2. The phosphorus cycle 
Phosphorus is mainly found in water, soil and sediments (Figure 2). In the 
atmosphere, phosphorus is found as fine dust particles. On land, phosphorus is usually found 
in the form of phosphates. The phosphorus used by plants is predominantly in the form of 
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phosphate salts. Phosphate salts are released when phosphate rocks are eroded by rainfall; 
weathering and run-offs eventually enter rivers and streams that transport them to the ocean. 
The release of phosphate salts into the soil provides a constant phosphorus supply for plants. 
Phosphate salts are absorbed through the roots of plants and used to make organic 
compounds. As animals eat plants, phosphorus is also consumed and passed up the food 
chain. Organic phosphate returns phosphorus into the soil or water to complete the P cycle 
through decomposition and excretion of animals. 
Studies conducted on nutrients in poultry manure 
In North Carolina, broiler and turkey industries generate about 1 million tons of litter 
consisting of manure and wood shavings annually with 27,000 tons of total N (TN), 30,000 
tons of F2O5, and 18,000 tons of K2O plus micronutrients worth $27,000,000 as a 
replacement for commercial fertilizer (Barker, 1996). 
The percentage composition of nutrients in manure recovered are more difficult to 
predict than the total amounts that should be collected because anaerobic digestion of carbon-
containing compounds that started in the large intestines of animals persists after excretion 
(Powers and Van Horn, 2001). So even during stockpiling anaerobic/aerobic digestion can 
still occur in the pile depending on the environmental conditions. 
According to the Iowa CAFO Air Quality study final report (2002), natural crusting 
of manure surface during storage reduces odors by 75%. Solids stacks usually compost 
naturally but may become anaerobic when piled too deep or if the particles are too fine to 
admit enough oxygen for composting.(NRAES 54, 1992). If a stack becomes anaerobic, it 
can become a source of odors or gases (such as ammonia) which are similar to anaerobic 
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liquid systems. (Schmidt, 2000). It is therefore necessary to properly stack the solids to allow 
proper composting. 
An important issue with the new CAFO rules is the fact that 25 to 75% of the 
antimicrobials given to CAFO livestock pass unchanged into manure waste and may 
contaminate soil and water (Ghee-Sanford, et. al., 2001; New CAFO Rules, 2003). 
Using manure as a fertilizer will ultimately conserve energy. Manure residue could 
free approximately 43 % of energy currently used for the manufacturer of N, P and K 
fertilizers (Blouin and Davis, 1975; Gilbertson, et. al., 1984) Only 16% of the energy 
currently used for fertilizer manufacture could be replaced when considering the 
economically recoverable portions of manure.(Gilbertson, 1984). 
Soil 
Several soil properties and equations were used in this study. Equations from Jury, et. 
al., (1991) were used as basis for some of the discussions and computations done in this 
study. 
Many of the important transport and retention processes in the soil are influenced 
strongly by the composite properties of the soil matrix, which are sometimes called bulk soil 
properties. These properties are commonly characterized with samples that contain many 
individual soil particles, void spaces, and water films. 
Soil Porosity() 
Soil porosity is the volume of void space per total volume. In equation form, 
~=1— ~S =a+8 
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where: a =volume of space per total volume and is called the volumetric air content 
V =total volume 
VS =volume of space 
8 =volumetric water content. This is the volume of liquid per total volume 
Note: porosity = 1 -solid volume fraction 
Bulk Density, pb
Bulk density is the density of the solid matrix in place. This is defined as the mass of 
dry soil per volume of soil. 
Mineral Density, pm
Mineral Density is the density of solid material comprising the soil matrix. This is 
defined as the mass of dry soil per volume of soil solids. 
_ ms ms VSPb — —V VS V 
n 
_ ms
/'' m — VS
1—~ _ VS
V 
/"b — I''m~l— ~~ 
where; ms =mass of dry soil 
VS =volume of space 
V =total volume 
The soil and water interaction plays a very important role in the transport of nutrients 
through run-off and subsurface water. 
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Water 
The soil-water inter-phase has two important characteristics: the amount of water in a 
specified quantity of soil and the force holding the water in the soil matrix. 
The water molecule consists of two hydrogen atoms bonded to an oxygen atom. Since 
the water molecule contains the same number of positively charged protons as negatively 
charged electrons, water is electrically neutral. However, water contains a dipole moment 
which produces an electric field in the vicinity of each molecule. This electric field allows 
water to attract or repel charged molecules from nutrient compounds from the soil or from 
the manure stockpiles, allowing the compounds to flow with the water or remain in the soil 
or manure. 
Water covers 70°Io of the earth's surface, but only 3% of the earth's water are 
available to plants, animals and humans. Due to this limitation in usable water, it is important 
to monitor and minimize water pollution in the earth's waters. Available water exists as 
surface water or groundwater. Surface water is the run-off that flows above ground through 
rivers, streams, springs, eventually draining into the sea or oceans. Surface water collects 
through run-off in defined locations called a watershed. Groundwater, on the other hand, is 
subsurface water available for development resulting from precipitation that has leached the 
zone of saturation in the earth through infiltration and percolation (Schwab et al., 1993). In 
the subsurface water, the water table is the locus of points (in unconfined material) where 
hydrostatic pressure equals atmospheric pressure. The water table separates the vadose 
zone zone of aeration -soil water, gravitational or intermediate vadose layer and capillary 
water) from the groundwater (phreatic zone or the zone of saturation) (Linsley et al., 1988). 
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The water table rises and falls depending on how wet or dry the season is or how much 
groundwater is extracted for use. 
One-fourth of the total freshwater withdrawn in the U. S . is drawn from groundwater 
(Linsley et al., 1988). Available water (surface and subsurface water) are subject to pollution 
by contaminants. Most of the nutrients that are potential pollutants are typically found in 
water: nitrogen, phosphorus, potassium, calcium, magnesium, sodium, bicarbonate, chloride, 
sulfate, carbon dioxide, oxygen, and some heavy metals (Poultry Water Quality Handbook, 
1997). Water pollution of these nutrients becomes a problem when there are excessive 
amounts of these nutrients in the water. 
Piezometer tube 
Jury, et a1., (1991) defines a piezometer tube as a hollow tube that is placed into the 
soil with a water entry point at the place where a measurement is desired. In rigid soil, the 
water. in the piezometer will rise to a height equal to the water table height. This means that 
the hydrostatic pressure head equals to the height of the water table. In swelling soils such as 
clay, the hydrostatic pressure head will rise higher than the water table by a height equal to 
the overburden potential head (Figure 3). 
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Figure 3. The working principle of the piezometer tube in rigid soil and in a swelling soil 
The type of situation relevant to the study on piezometers in Ellsworth, Iowa is the 
piezometer in rigid soil where the hydrostatic pressure potential head is at the same level as 
the water table so by direct measurement of the water level in the piezometers, the water 
table for the subsurface water can be measured on site. 
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CHAPTER 3: MATERIALS AND l~'IETHODS 
Stockpile shape study using rainfall simulation 
A rainfall simulator was used to examine water holding characteristics of different 
stockpile shapes. Three replicates of triangular micro-plots and three replicates of trapezoidal 
micro-plots were tested for both turkey litter (six simulation replicates total) and layer 
manure (six simulation replicates total). Manure (50 kg) was applied to each plot. 
Rainfall simulation on the manure was done using the oval spray Fu11Jet nozzles by 
the Spraying Systems Co. in Wheaton, Illinois (figure 4). The spray features a cone shaped 
spray pattern with an oval impact area that has a width approximately one half of its length. 
This is setup at a height of approximately 10 ft, more than enough to cover the micro-plot 
dimensions. 
Each 0.91 m (3 ft) x 1.21 m (4 ft) micro-plot was lined with black plastic bags to 
prevent soil infiltration and framed with sheet metal to direct run-off to the sampling 
container (see figure 5 for the frame and lining of the micro-plot). Rain gauges were set-up to 
monitor the amount of water sprayed into the micro-plot. 
The set-up consisted of controlling several variables affecting run-off (R/O) from 
stockpiled manure. Several factors affecting run-off from the stockpiled manure micro-plots 
were considered: initial moisture, bulk density, and pile geometry, type of manure (layer vs. 
turkey), rainfall characteristics and slope. Rainfall was applied to the trapezoidal and 
triangular shaped piles for an hour at an intensity of 3.5 in/h. A 1000-gallon tank and a 500- 
gallon tank were used to supply water. Mass of run-off was recorded every 15 minutes for 
one hour after water started to run-off. Initial and final samples of solid manure were also 
23 
collected. Rainfall samples were analyzed for TK:N, NO3 + NO2, ammonia nitrogen, total 
solids, phosphorus, soluble phosphorus, and potassium. 
Samples were collected at initial runoff, 30 min, and 60 min after runoff commenced. 
Figure 4. Rainfall simulator used in the study 
Figure 5. Frame and lining of the micro-plots 
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The piles were constructed inside the lined area of the micro-plots. Three replicates of 
the trapezoidal shaped micro-plots and three replicates of the triangular micro-plots were 
constructed. Shown in figure d is the poultry manure stockpiled in a trapezoidal shape. 
Figure 6. Trapezoidal-shaped stockpile 
The triangular stockpile had cross-sectional dimensions of 1.22 m (4 ft) length by 
0.91 m (3 ft) wide by 0.2 m (8 inch) height. The trapezoidal stockpile had dimensions of 0.91 
m (3 ft) wide by 1.22 m (4 ft) length by 0.1 m (4 inch) height. 
A schematic diagram of both shapes of piles and their heights is shown in figure 7. 
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Figure 7. Schematic diagram for trapezoidal shaped and triangular shaped piles 
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Nutrient analyses were conducted by the Minnesota Valley Testing Laboratory 
(MVTL) for the initial and final manure samples and the surface run-off samples collected 
throughout the study. The statistical design used for the analyses was the completely 
randomized block design. Statistical Analyses were done using two-tailed t-test for unequal 
variances to compare the trapezoidal shaped micro-plots to the triangular shaped micro-plots. 
Groundwater study: pie~ometers 
The project was located on a commercial farm near Ellsworth, Iowa, 20 miles north 
of Ames. The facility is typical of most turkey farms, where turkey stockpiles may exist year-
round. The turkey stockpiles consist of mainly turkey litter, wood shavings, feathers and 
turkey mortalities. The approximate size of the stockpile is 3500 tons (yearly manure 
production) with a dimension of approximately 1.21 m to 1.83 m (4 to 6 ft) height, and 
covers an area of about 65.03 m2 (700 ft2). Because the turkey litter is removed every 
growing season, it can be assumed that the manure pile stayed there for approximately less 
than one year. The soil type in the area is Clarion Nicollet loam. The site was located in a 
poorly drained low area. 
Management of the piles consisted of continually hauling out and rebuilding the piles 
year-round. Figure 8 and 9 show the site area and the locations of the piezometers. 
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Figure 8. Ellsworth site area 
27 
-~9,47f t 
85,85f t 
110,71f t 
---~ 36,OOf t 
read 
' ~ # 4 ~L 
~ #5 ~ 
`~ 
~, 
~ 
' ~ 
~ 
' ~ 
~ 
~ 
~, turkey 
Surface 
subsurface 
direction 
#3 
u 
and 
flow 
#6 
~ 
~' 
~, 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
' ~ 
~ 
,~ 
' ~ 
~ 
.~ 
~ 
Darn 
-~- 
-- 
#~ 
3 6 f t 
7,50f t 
~ 
#7 
turkey 
born 
~ 
y. 
~ 
~ 
~, 
~ 
~ 
~, 
~ 
rcGa 
-.~ 117,85ft~--
,50f t 
} 
10,779f t 
1 
~z.56ft 
0 ft 
Figure 9. Location of the piezometers in Ellsworth 
The nutrients of importance that were monitored were: NO3 + NO2, TAN, TK:N, total 
phosphorus, soluble phosphorus, potassium and total solids. 
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Construction of piezometer wells 
Seven 8 ft-deep holes were dug using 2inch-diameter probes. Piezometer wells were 
constructed using 8 ft long PVC pipes with PVC cap on bottom, male adapter and steel cap 
on top. Slits of every 3 inches at the bottom 2.5 ft length of the pipe were made to allow 
water to seep through. These piezometers were placed in the holes and covered with 
approximately 1.6 kg of sand for about 1 to 2 ft. The remaining 6 to 7 ft of the hole was filled 
with bentonite (chip form). The upper 6 inches around the tubes was dug into a cone shape, 
approximately 1 ft across the top, and was also filled with bentonite (details in figure l o). 
V~ater was added to the chips, agitated with a steel rod, and the area around the piezometer 
hole was stabbed with a pointed tire iron. Excess water was added to the top of the bentonite 
chips to ensure that there was no seepage of surface water into the wells. Figure 11 shows the 
piezometer well, filled in with bentonite to seal off possible water leakage. 
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Figure 10. Construction detail of the piezometer well 
Figure 11. The piezometer wells sealed off with bentonite 
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Shock chlorination, using a diluted solution (0.1 mg/L) of household bleach 
containing 5.25% sodium hypochlorite (NaOCI), occurred to eliminate possible bacteria and 
viruses introduced in the wells during construction. The piezometers were left to stabilize, for 
about a month, prior to sampling. 
Sampling the wells 
Samples were collected using a vacuum pump connected to a trap bottle that was 
attached to a rubber tube and a sample bottle. Figure 12 shows the sampling apparatus. 
Sampling was conducted monthly. 
-- sampling ~a►~le 
Figure 12. Sampling the piezometer wells 
The volume of sample collected for chemical analysis was approximately 500 ml. 
Chemical analyses of the nutrients were conducted by the Minnesota Valley Testing 
Laboratory (MVTL) to analyze for total phosphorus, soluble phosphorus, total solids, 
potassium, NO3 + NO2, TAN and TK;N. Dissolved oxygen was also measured to determine 
whether the groundwater was anaerobic or not. 
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The area was surveyed to determine the exact location of the wells and to define the 
contours of the area where the study was conducted. The water table was also measured to 
determine the direction of groundwater flow. 
Rainfall amounts during the sampling period were obtained from the Iowa State 
University-Iowa Environmental Mesonet (ISU-IEM). 
The statistical design used was completely randomized block design. The statistical 
analysis used was the two-tailed t-test for unequal variances for comparing whether 
significant differences exist between the nutrient concentrations underneath the grassy areas 
vs. the nutrient concentrations directly under the stockpiles. 
Laboratory methods: effects of compaction on leachate flow 
A laboratory study was conducted to quantify the moisture holding capacity of the 
stockpile materials. Cylinders were constructed of 15.24 cm (6 inches) diameter and 40.64 
cm (16 inches) long PVC pipes closed on the bottom with an outlet tube attached. The tube 
carried any leachate to a 250 ml sample bottle. Cylinder tare weights were measured in the 
laboratory prior to the addition of manure. 
The study was done using both layer manure and turkey litter from commercial farms. 
Manure was placed in three cylinders to a depth of 30 cm (12 inches) and gently 
agitated to settle the manure. Additional manure was added, if necessary, to refill to 30-cm 
depth. The cylinders and manure were weighed and small amounts of manure were added, as 
necessary, to equalize the weights. Three more cylinders were filled, each with 5% more 
manure weight than the first ones. The manure was packed down to 30 cm depth to achieve a 
5% increase in manure density. Three more cylinders were filled with 10% more manure 
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than the first three and packed to 30 cm depth. Three manure samples were collected for 
initial nutrient and moisture analysis (one from each cylinder). Table 3 and 4 shows the 
initial average weights and the manure density for the three different replicates (base, +5%, 
+10%). Note, that in this part of the study, the turkey manure had a higher density than the 
layer manure. 
Table 3. The initial average weights and density of turkey manure for the three cylinder 
replicates 
Treatment Initial Manure Weight, 
kg (lb) 
Manure Density, 
kg/m3 (lb/ft3) 
Base 2.29 (5.05) 413.52 (25.78) 
5% increase in density 2.43 (5.36) 438.32 (27.36) 
10% increase in density 2.51 (5.54) 452.99 (28.28) 
Table 4. The initial average weights and density of layer manure for the three cylinder 
ret~licates 
Replicate Initial Manure Weight, 
kg (lb) 
Manure Density, 
kg/m3 (lb/ft3) 
Base 1.93 (4.26) 348.15 (21.73) 
5% increase in density 2.03 (4.48) 365.86 (22.84) 
10% increase in density 2.12 (4.68) 382.67 (23.89) 
Each day, 232 ml of water was added to each of the nine cylinders of manure to 
simulate a 1.27 cm (0.5 inch) rainfall. The cylinders were covered with waxed paper to 
minimize evaporation. Daily moisture additions continued until all cylinders were leaching 
approximately the same volume as the daily moisture additions. After the last moisture 
addition was made, all cylinders were allowed to drain for 24 h, or until dripping stopped. At 
that time, manure samples were taken for final moisture analysis. 
Water samples were collected and analyzed for nutrient content of the first and last 
leachate. Detailed nutrient analyses of intermediate leachate sample were not accomplished 
because the study was designed primarily to investigate liquid mass flow. 
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The statistical design was randomized complete block design. Atwo-tailed t-test was 
used to determine the significant differences in the moisture holding capacity of the samples. 
Figure 13. Set-up for the PVC cylinder with poultry litter and sampling bottle 
Field study: poultry stockpile windrows 
Two poultry manure stockpiles were established on Field 5 of the Agronomy and 
Agricultural Engineering Research Center (AAERC) farm at Iowa State University, six miles 
west of Ames, Iowa. The site was located on Nicollet loam soil formed in glacial till under 
the prairie vegetation with organic matter content of about 4% and a maximum slope of 1 %. 
Nicollet soils are moderately permeable, somewhat poorly drained soils that produce surface 
run-off, have high available water capacity and have seasonally high water table. (Chinkuyu 
et al., 2000; Kanwar, 1988) 
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The land was initially prepared by chisel plowing (about 1 ft deep) to destroy the 
macropores in the soil, and then compacted by driving on it with a tractor. Two uncovered 
poultry stockpiles were constructed approximately 4 ft-high. 
A 3.7 m x 11.6 m x 1.2 m stockpile was constructed of 20,784 kg (45,820 lbs) of 
turkey litter (bulk density = 615 kg/m3). A 4.6 m x 12 m earthen berm was built around it to 
direct run-off to measuring and sampling equipment. 
A 3.0 m x 8.5 m x 1.4 m stockpile was constructed of 33,895 kg (74,7261bs) of layer 
manure (bulk density = 950 kg/m3). A 4.6 m x 12 m earthen berm was built around it, similar 
to the turkey stockpile berm. 
A third 4.6 m x 12 m berm was built around an unmanured fallow check plot. 
All three plots had dead end the lines beneath them to allow shallow groundwater 
sampling. The stockpiles were constructed in March of 2003. 
Using aself-propelled tractor, mounted with a hydraulic soil sampler, 1.2 m-long (4 
ft) soil cores were collected from the site before the stockpiles were constructed to determine 
the initial conditions of the soil. Cores were collected using clear plastic tubes, 5.08 cm (2 
inches) in diameter. Four soil samples were collected at the start of the study. These soil 
samples were divided into 1 ft depth and analyzed for nutrient content at the Agronomy Soils 
Laboratory at Iowa State University. Nine soil samples (three for each set-up) were collected 
at the end of the study. Soil sampling and analyses were repeated to determine the ~na1 
conditions underneath the piles. Figure 14 shows the hydraulic soil sampler that was used for 
taking soil cores. At the end of the study, sampling holes were backfilled with bentonite. 
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Figure 14. Soil samples taken at the start and end of the research 
Berms were constructed with a backhoe. The berm height in the back of the pile was 
approximately 0.15 m (0.5 ft) high while the ones on the side and front were about 0.30 m to 
0.46 m (1 to 1.5 ft) high. The berms in the front were funnel shaped to guide the surface flow 
towards the pipe that collects in 113.56 L (30 gal) plastic garden wells. A submersible pump 
was placed inside the plastic wells to pump captured runoff water to the calibrated cattle tank 
used for measuring volume and sampling. The liquid collected in the tanks was manually 
measured, agitated, and sampled after each runoff event. 
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Figure 15. Set-up of the bermed stockpile in Field S 
The the lines culminated in sampling wells where subsurface flow was pumped and 
flow volume was measured using flow meters. An orifice and sampling tube removed a 
fraction of subsurface flow and collected in a sampling bottle every time the pump ran. The 
sample was then brought to the Minnesota Valley Testing Laboratory (MVTL} for analyses. 
Figure 15 shows the berms setup and sampling wells. 
Figure 16 shows the set-up in the monitoring wells that uses flow gauges to measure 
subsurface water from the the drainage. Water flows through the the lines that collect into a 
shallow plastic well where a submersible pump pushes water up to the flow meter. From the 
flow meter, water is returned to a separate the line. An orifice located after the flow meter 
automatically collects approximately 0.1 % of the flow volume for aflow-weighted sample. 
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During a rainfall event, or as soon as subsurface drains started flowing, surface and 
subsurface water samples were collected. Details on the construction of the sumps and 
subsurface drain water sampling procedures are shown in Kanwar et al., 1988. 
*Note that red arrows show the direction of water flow dunng volume measurement and sample collection 
Figure 16. Set-up for measuring volume of flow in the file line in field 5 
Figure 17 shows a simple collection set-up for surface run-off. Volume is measured 
by pumping the collected surface run-off water from the bermed area into calibrated cattle 
tanks. The volume of the smaller tank is equal to 1893 L (500 gal) while the bigger tank has a 
volume of 5678 L (1500 gal). The large tanks were used in case the small ones overtopped. 
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The measured volume was verified with a water meter, attached to a submersible pump, 
during pump-out. Rainfall data were monitored on site using rain gauges. 
Figure 17.Lot 5 Set-up for surface water collection 
Moisture was monitored within the stockpiles. Initially, moisture was determined 
manually by taking samples in five different locations within the stockpile. Shown in figure 
18, are the different locations where moisture was sampled. In the latter part of the project, 
we were able to use moisture meters and data loggers to read the electrical conductivity of 
the moisture in the manure. The monitors were ECH2O Logger EM5 Data collection system 
and moisture meter probes (by Decagon, Pullman, WA) with a collection interval of 60 min. 
The probes were placed in the upper 1 to 2 ft of the manure stockpile and the lower layer of 
the stockpile. Because these moisture meters were mainly designed for soil analysis, 
calibration of the device was necessary to convert conductivity to percent moisture. The 
moisture determination method used was based on the ASTM D 2216-98 standard test 
method for determining water content of soil and rock mass. (ASTM, 1999) 
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Figure 18. Locations where the moistures in the piles were taken 
To determine the accuracy of the moisture probes, calibration curves were 
constructed to convert the electrical conductivity measured by the probes to equivalent 
moisture content in percent wet basis. Five liters of samples of both turkey and layer manure 
were placed in a container and measured using the probes. Moisture was added to the pile 
(250 ml, S00 ml, and 800 ml) and 100 g samples collected for oven-drying at every moisture 
addition. A calibration curve of electrical conductivity vs. moisture content was constructed 
and used to convert the readings in electrical conductivity to percent moisture. Figure 19 
shows the calibration curve for layer manure. 
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Calibration Curve for Layer Manure 
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Figure 19. Calibration curve for moisture probes used in the layer stockpile 
Figure 20 shows the moisture calibration curve for turkey litter. Higher moisture 
values were not attained because of the limitations of the manure to absorb more water. The 
range of the calibration curve shows the moisture content of air-dried manure up to 
maximum water holding capacity that is expected in the field. 
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Figure 20. Calibration curve for moisture probes used in the turkey stockpile 
All water samples (both surface and ground water), were immediately refrigerated 
upon collection until they were delivered to the lab for analyses. Soil samples were frozen. 
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Water analyses were done by Minnesota Valley Testing Laboratory (MVTL) in Nevada, IA. 
Moisture/dry matter content was analyzed by drying without heat over sulfuric acid 
AOAC930.15 (Helrich, 1990); NH4-N content used infrared spectroscopic method AOAC 
973.49 (Helrich, 1990) or titrimetric method SM 4500-NH3E (Franson et al., 1992); TI~:N 
used titrimetric method SM 4500-NH3E (Franson et al., 1992); potassium (K2O) used direct 
air-acetylene flame method SM3111 B (Franson et al., 1992); total phosphorus used 
automated colorimetric ascorbic acid reduction method EPA 365.2 (EPA 625/6-74-003a, 
1974); and total P2O5 used photometric method AOAC 965.17 (Helrich, 1990); total solids 
used EPA 160.3 (EPA 625/6-74-003a, 1974); total volatile solids used EPA 160.4 (EPA 
625/6-74-003a, 1974); soluble phosphorus (P2O5) used the automated colorimetric ascorbic 
acid reduction method EPA 365.1 (EPA 625/6-74-003a, 1974); and for the NO3 + NO2, the 
automated cadmium reduction method EPA 353.2 (EPA 625/6-74-003a, 1974) was used. 
Initial and final manure samples were also analyzed by the Minnesota Valley Testing 
Laboratory for nutrient content using the same parameters and the same methods. 
Soil samples were analyzed by the Iowa State University Soil testing laboratory. For 
the soil samples underneath the stockpiles, the pH analysis was conducted to determine soil 
pH. Mehlich-3 extraction was conducted to determine the P, K, Mn, Ca, Al, Zn, Mg, Fe, Na, 
and Cu content. Combustion analysis was done to determine organic carbon, total nitrogen 
and organic matter content. The inorganic-N was determined colorimetrically for NO3-N and 
NH4-N content in the soil. The procedures used for these tests are standard tests which can be 
found in the Recommended Chemical Soil Test Procedures for the North Central Region, A 
North Central Regional Research Publication No.221 (Revised, January 1998). 
42 
Note that analyses conducted on the water, manure and soil samples for the different 
sections of the study were analyzed by Minnesota Valley Testing Laboratory and Iowa State 
University using the procedures above. 
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CHAPTER 4: RESULTS AND DISCUSSION 
Rainfall simulation 
The concentrations of the surface water run-off from the triangular and the 
trapezoidal shaped piles are shown in table 5 and 6. Average concentrations for 5 minutes, 30 
minutes and 60 minutes sampling for each of the nutrients for both the triangular shaped and 
the trapezoidal shape are listed in the table. 
The trapezoidal shaped stockpile for turkey manure had significantly lower 
concentrations of NO3 + NO2, NH4-N, P20 5, TK:N, TS and K20 as compared to that of the 
triangular-shaped stockpile. The same is true for the layer manure (table 7 and 8); the 
trapezoidal-shaped stockpile had lower concentrations of nutrients as compared to the 
triangular-shaped stockpile. This ca.n be attributed to the fact that the flat surface of the 
trapezoidal-shape allows more time for water to be absorbed into the pile whereas the 
triangular-shaped piles had some edging effects (Moncrief et al., 2003), that is water slides 
on the surface of the pile allowing more manure (therefore more nutrients) to run-off from 
the triangular-shaped pile. 
In general, the turkey run-off had significantly higher contaminant concentrations 
than did the layer manure runoff for both shapes of stockpiles. Total solids were nearly three 
times as great in the turkey runoff which helps account for higher concentrations of some of 
the other contaminants. Concentrations seemed to vary randomly with time over the 1 hour 
runoff period and did not decrease with increasing time. The triangular piles released higher 
concentrations of every contaminant for both types of manure except total P and NO3 + NO2
in the layer manure runoff. 
Table 5. Triangular shaped turkey stockpile surface water nutrient concentrations 
Shape Triangular 
- 
NtJ3+ 
NO2
- 
NH4-N Total P20 5
Soluble 
P20 5 T`KN Total Solids K20 
Time sampled mg/L , mg/L mg/L mg/L mg/L mg/L mg/L 
S minute turkey 4.87 811.67 134.33 99.73 2073.33 24800.00 3500.00 
30 minute turkey 2.67 1073.67 130.67 125.33 2760.00 30666.67 4533.33 
60 minute turkey 4.77 634.33 106.90 86.20 1697.33 19000.00 2700.00 
Average 4.10a 839.89a 123.97a 103.75a 2176.89a 24822.22a 3577.78a
Table 6. Trapezoidal shaped turkey stockpile surface water nutrient concentrations 
Shape Trapezoidal 
- 
NQ3+ 
NOZ
-
NH4-N 
Total 
P20 5
Soluble 
P20 5 T'KN Total Solids K20 
Time sampled mg/L mg/L mg/I, mg/L mg~L, mg/L mg/L 
S minute turkey 2.47 517.67 113.23 80.73 1510.67 19000.00 3166.67 
30 minute turkey 1.90 353.40 67.63 49.00 1168.00 14133.33 2206.67 
60 minute turkey 2.97 464.00 101.10 75.83 1406.67 16600.00 2633.33 
Average 2.45b 445.02b 93.97b 68.52b 1361.78 16577.78b 2668.89b
`Statistical analyses compares table 5(triangular) vs. table 6 (trapezoidal) nutrients 
*Note that the "a" above the means for both means in the trapezoidal and triangular shaped piles for each nutrient concentrations denote no 
significant difference. The "a" and "b" indicates significant difference where a>b. 
Statistical analyses of the nutrient concentrations comparing the triangular shaped pile 
to the trapezoidal shaped pile were done using both the ANOVA and t-test (from Jump 5.1). 
The average values in table 5 and 6 are labeled whether they have a significant difference or 
not. For turkey manure, all of the nutrients were found to be significantly higher in 
concentration from the triangular piles as compared to the trapezoidal piles. This is in 
agreement with the study conducted by Moncrief et al., (2(J03) on the edge effects in 
stockpiling. From this information, it is advantageous to construct turkey stockpiles with a 
flatter top so as to allow more of the water to be absorbed by the piles and limit "edging" of 
surface run-off. 
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Table 7. Triangular shaped laver stockt~ile surface water nutrient concentrations 
Shape triangular NO3+NO2 NH4-N Total P20 5 Soluble P20 5 T'KN 
Total 
Solids K20 
~`ime sampled mgiL mg/L mg/L mg/L mg/L mg/L mg/L 
S minute layer 2.07 82.63 118.00 30.93 236.33 7333.33 1086.67 
30 minute layer 2.13 91.17 107.23 34.77 216.33 7466.67 850.00 
60 minute layer 1.60 73.37 133.00 27.70 182.67 6800.00 610.00 
Average 1.93a 82.39a 119.41 a 31.13a 211.7$a 72OOa 848.89a
Table 8. Trapezoidal shaped laver stockpile surface water nutrient concentrations 
Shape trapezoidal NO3+NO2 NH4-N Total P20 5 Soluble P20~ T'KN 
Total 
Solids K20 
Tiime sampled mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
S minute layer 1.35 49.43 65.33 18.10 128.40 5200.00 716.67 
30 minute layer 2.07 61.63 131.67 23.80 145.67 7133.33 716.67 
60 minute layer 1.93 56.37 133.67 17.47 130.33 6800.00 506.67 
Average 1.78a 55.81 b 110.22a 19.79b 134.8b 6377.78b 646.67b
*Statistical analyses compares table 5(trianguiar) vs. table 6 (trapezoidal) nutrients 
*Note that the "a" above the means for both means in the trapezoidal and triangular shaped piles for each nutrient concentrations denote no 
significant difference. The "a" and "b" indicates significant difference where a>b. 
Statistical Analyses for the layer stockpiles were done using the ANOVA and t-test 
(Jump 5.1). The average values for all the nutrient concentrations from the run-off in the 
layer manure are labeled ("a" and "b") in tables 7 and 8. All of the nutrient concentration 
averages from the triangular-shaped piles were higher than the averages of the nutrient 
concentrations from the trapezoidal-shaped piles. Note also that all of the nutrients except for 
NO3 + NOZ and total P20 5 were significantly different. This indicates that it is also 
advantageous for layer manure to have stockpiles constructed with a flat top to limit edge 
effects during surface run-off. However, in terms of pollution potential of NO3 + NO2 and 
P20 5, the shape difference did not make any significant difference on the nutrient 
concentrations of both nutrients. This can be attributed to the small pore size of layer manure 
similar to clay. Phosphorus is not easily leached therefore it was left with the layer manure. 
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However, NO3 + NO2 is very easily leached, but due to the small pore spaces of the layer 
manure, the nutrient quantities leached were not significantly different. 
From tables 5, 6, 7 and $, although 3.3 in/h used for this study was more than the 2.4 
in,/hr l0-year 24-h rainfall for Iowa, the concentration of the nutrients (N and P) removed 
through the leachate are still much lower than the EPA proposed limit of 45 mg/L for NO3, 
150 mg/I, for P (343.2 mg/L P20 5). 
The average volume of run-off for both the triangular and trapezoidal shaped piles for 
both the turkey and the layer manure are shown in table 9. Density of water is 1000 kg/m3. 
On average, 73.54 L of surface run-off from the triangular shaped pile while 80.05 L of 
surface run-off leached from the trapezoidal-shaped pile. For layer manure, 93.3 L of surface 
run-off leached from the triangular-shaped pile while 97.86 L of runoff came from the 
trapezoidal-shaped pile. Table 9 shows the volume of flow from each of the shape of micro-
plots. Figure 22 shows the cumulative ..increase of the volume of flow for the trapezoidal-
shaped piles following a trend line: y=1.9515x2+5.7232x-7.0873. 
Table 9. Volume in L of flow from the trapezoidal and triangular Hiles 
Turkey Layer 
Shape L L 
TRIANGULAR 73.54 93.3 
TRAPEZOIDAL 70.04 93.98 
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Figure 21. Cumulative volume (in L) of run-off water vs. time 
The equation used in calculating the total mass of each of the nutrients for both the 
trapezoidal and triangular-shaped piles used the simple equation: 
Concentration (mg/L) *Volume (L) =Mass (mg) 
Tables 10 and 11 show the calculated mass balance of the nutrients after 60 min of 
run-off for both the triangular and trapezoidal shaped piles of both turkey and layer manure. 
For layer manure, except for total phosphorus, total solids and NO3 + NOS the mass of the 
nutrients from the run-off in the triangular shaped piles was higher than the mass of the 
nutrients from the run-off in the trapezoidal-shaped piles. The turkey manure mass flow of 
nutrients showed more pronounced difference between triangular and trapezoidal-shaped 
piles. There was more nutrient mass released from the triangular-shaped piles as compared to 
the trapezoidal-shaped piles. 
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Table 10. Laver manure mass flow of nutrients in the run-off after 60 minutes 
Layer 
Nitrate- 
Nitrite 
Ammonia 
nitrogen 
Total 
phosphorous 
Soluble 
phosphorous 
Total 
Kjeldahl 
nitrogen 
Total 
solid Potassium 
Shape mg mg mg mg mg mg mg 
triangular 0.1 S 6.85 12.41 2.5 8 17.04 634.44 56.91 
trapezoidal 0.19 5.52 13.08 1.71 12.75 665.45 49.58 
Table 11. Turkey manure mass flow of nutrients in the run-off after 60 minutes 
Turkey 
Nitrate- 
Nitrite 
Ammonia 
nitrogen 
Total 
phosphorus 
Soluble 
phosphorus 
Total 
Kjeldahl 
nitrogen 
Total 
solid Potassium 
Shape mg mg mg mg mg mg mg 
triangular 0.35 46.65 7.86 6.34 124.82 1397.26 198.56 
trapezoidal 0.24 37.14 8.09 6.07 112.60 1328.77 210.79 
Calculating the mass flow from the leachate (table 10 and 11) showed that a very 
small percentage of the total manure stockpiled (50 kg) is actually removed. Comparing the 
amount of nutrients from the surface run-off to the amount of nutrients in the manure (table 
12 and 13) show the nutrients from the run-off are just a small fraction of the total nutrient 
content of the manure. Total phosphorus and soluble phosphorus values had some possible 
unknown errors in table 12 and 13 for solid manure. This may be a result of erroneous 
readings during the laboratory testing. 
The nutrient characteristics of the poultry manure before and after the rainfall 
simulation were also determined. Tables 12 and 13 show the concentration of the nutrients in 
mg/kg for total solids, TKN, NH4-N, NO3 + NO2, total P, soluble P, and K for the turkey and 
layer manure subjected to rainfall simulation. Based on the statistical analyses (t-tests), to 
evaluate layer manure (dry basis) before and after the rainfall simulation (using six replicates 
before and six replicates after simulation), there were no significant differences between the 
nutrient content of the manure piles except for the potassium in the triangular and trapezoidal 
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shapes (table 12). From this data it is clearly shown that the 1-h rain did not significantly 
alter the nutrient concentrations in the manure piles before and after rainfall simulation. 
Table 12. Nutrient characteristics of laver manure from triangular and trapezoidal stockpile 
Layer (d.b.) 
Total 
solids TKN NH4-N 
NO3- 
NO2
Total 
P 
Soluble 
P 
y
K 
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 
Triangular-before 547000a 25827.81a 8896.25a 14.79a 0.13a 0.02a 40176.60a
Triangular-after 498000a 22310.76a 
_ 
7569.72a 11.35a O.lOa 0.02a 23705.18b
Trapezoidal-before 507000a 24137,93a 6166.33a 4.46a 0.06a 0.02a 34279.92a 
Trapezoidal-after 476000a 11049.62a 5171.76a 6.68a 0.13a 0.08a 20229.01b
*Error in Total P and soluble P values cannot be unexplained 
Using six replicates before and six replicates after simulation, statistical analyses (t- 
test) of the turkey manure piles (dry basis) before and after the rainfall simulation for the 
trapezoidal and triangular shaped piles showed a different result (table 13). Only total P had 
no significant difference before and after the rainfall simulation of both piles. Total solids, 
TKN, NH4-N, NO3 + NO2, Soluble P, and K were significantly different. This is important to 
note especially since the rainfall simulation used very intense rainfall (worse case scenario). 
From this information, it can be concluded that surface run-off from layer manure poses less 
pollution risk from erosion as compared to turkey manure after an intense 1-h rainfall of 3.3 
inches. 
Table 13. Nutrient characteristics of turkey manure from triangular and trapezoidal stockpile 
Turkey d.b. 
Total 
solids TKN NH4-N 
~~ 
NOS+NO2 Total P 
1 
Soluble 
P 
1 
K 
mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg 
Triangular-before 540000a 57608.70a 17108.70a 47.17a 0.57a 0.11 a 43695.65a 
Triangular-after 332000b 31736.53b 6571.86b 13.92b 0.43a 0.09b 11781.44b
Trapezoidal-before 665000a 103880.60a 23223.88a 51.94a 0.60a 0.12a 65074.63a 
Trapezoidal-after 343000b 23592.09b 5951.29b 17.81 b 0.11. a 0.06b 12389.65b
rror in total P and soluble P values cannot be unexplained 
50 
Groundwater Study: Piezometers 
Groundwater contaminants varied over the sampling period. Concentrations of the 
nutrients (NO3 + NO2) were generally less than the allowable levels of 10 mg/L for NO3-N 
(45mg/L NO3), 0.1 mg/L for NO2 set by the Environmental Protection Agency (EPA). NOS 
in this study was measured with NO3 since NO3 and NOZ is in dynamic equilibrium in water 
solution. Piezometer nos. 2, 3, 6 and 7 are the wells closest to the piles (Figure 5). Well no. 7 
was covered up, making it unusable during the course of this study so three wells away from 
the pile (piezometer nos. 1, 4 and 5) were compared to three wells near the pile (piezometer 
nos. 2, 3 and 6). Rainfall for the sampling period was found to be 26.51 inches (ISU-IEM, 
2004). Cumulative rainfall for the entire duration of the study is shown (figure 22). 
Rainfall events in Ellsworth for 4/11/03-10127/03 
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Figure 22. Cumulative rainfall for the duration of the study (4/7/03-10/27/03) 
A contour map is attached in the appendix figures 30 to 32, showing the elevation of 
the soil surface to show the slope (0.6%) of the area and how the surface water flows through 
the entire area under study. The height of subsurface water was also measured and shown in 
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table 22. Note that the depth of the water table from the surface was much less underneath 
the piles, confirming that the subsurface water flows from the piezometers, underneath the 
grassy area (piezometer nos. 4, 5) towards the piezometers underneath the stockpiles 
(piezometer nos. 2, 3 and 6) exiting to the culvert (lowest point, also where piezometer no. 1 
was located). 
Tables 14 and 15 show the average concentrations measured in the piezometers for 
the nitrogen (NO3 + NO2, NH4-N, TKN), phosphorus (soluble P and Total P), potassium and 
total solids in the subsurface water. 
Samples were taken once a month (if water table is high enough) for each of the 
piezometers for the duration of the study and then averaged. A mean and standard deviation 
for the measured concentrations underneath the grassy areas and underneath the stockpiles 
are provided. 
Information on the dissolved oxygen data for each of the piezometers are found in 
appendix table 22. This shows that the piezometers underneath the stockpiles had more 
anaerobic conditions that the piezometers underneath the grassy area. 
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Table 14. Average values of the different forms of the nutrient (Nitrogen) found in the 
iezometers located near Ellsworth, Iowa 
Location Piezometer 
number 
Nitrate+Nitrite, 
mg,/L 
Ammonia 
nitrogen, 
mg/L 
Total 
Kjeldahl 
nitrogen, 
mg/I. 
Grassy 
Area s 
1 1.21 0.87 37.08 
4 1.24 1.07 22.57 
5 6.80 1.10 63.50 
Mean 2.32a 0.96b 34.60a
St. Dev. 3.49 1.09 45.57 
Underneath 
th it e P es 
2 0.45 1.86 54.51 
3 0.38 1.54 7.40 
6 0.29 4.99 13.5 8 
Mean b 0.39 2.35 a 25.16 a 
St. Dev. 0.34 2.47 24.57 
*Note that the piezometers 1, 4 and 5 are located in grassy areas while piezometers 2, 3, 6 and 7 are located close/under the stockpiles 
*Note also that the "a" above the means for both means in grassy areas and underneath the piles for each nutrient concentrations denote no 
significant difference. The "a" and "b" indicates significant difference where a>b. 
Table 15. Average values of the nutrients (phosphorus, total solids and potassium) found in 
the piezometers located near Ellsworth, Iowa 
Location Piezometer 
number 
Total 
phosphorus, 
mg/L 
Soluble 
phosphorus, 
mg/L 
Potassium, 
mg/L 
9.91 
Total 
solids, 
mg/L 
6153.17 
Grassy 
Areas 
1 11.23 10.08 
4 3.79 2.03 14.57 3589.00 
5 5.02 3.60 11.48 9220.00 
Mean 6.73a 4.68a 10.52b 5765.31 a 
St. Dev. 7.75 8.77 13.04 5891.85 
Underneath 
the Iles p 
2 3.81 1.25 70.25 45 3 5.00 
3 6.77 2.88 19.22 3415.75 
6 2.76 1.24 33.87 1875.00 
Mean 4.78a 1.93a 41.77a 3555.30a
St. Dev. 4.06 1.88 56.57 2218.60 
*Note that the piezometers 1, 4 and 5 are located in grassy areas while piezometers 2, 3, 6 and 7 are located close/under the stockpiles 
*Note also that the "a" above the means for both means in grassy areas and underneath the piles for each nutrient concentrations denote no 
significant difference. The "a" and "b" indicates significant difference where a>b. 
Statistical analyses were done to compare whether there was a significant differences 
between the wells located farther from the piles and the wells located underneath the piles. 
Both the ANOVA and t-test (using the statistical program Jump 5.1) was utilized to compaze 
each of the nutrients. The preliminary testing used the ANOVA test to determine if there was 
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any significant difference between the samples taken from the wells away from the piles and 
those samples taken from wells underneath the piles. A t-test was conducted to determine 
which location (underneath the grassy area away from the piles or underneath the stockpiles) 
of the nutrients had a significantly greater concentration. Table 14 and 15 show the statistical 
results comparing the concentrations underneath the wells. 
There was no significant difference in concentrations of total or soluble phosphorus, 
total solids or TKN. There was not a lot of phosphorous movement through the subsurface 
which is expected since phosphorus is not very mobile with water. Also, phosphorus may 
have stayed in the soil. Total solids are filtered out in the soil above the ground as well. TKN 
is the sum of organic nitrogen and ammonia. Organic nitrogen may be converted to ammonia 
but the sum may have remained the same for both under the grassy areas and under the 
stockpiles. Nitrate levels away from the stockpile had greater concentrations of nitrate than 
those underneath the pile, although nitrate concentrations at both locations were less than the 
drinking water limit of 10 mg/L. Ammonia nitrogen was higher in the wells underneath the 
piles than in those located in grassy areas signifying possible anaerobic conditions 
underneath the stockpiles. The ammonia concentrations for both locations were higher than 
the limit of 0.02 mg/L. Dissolved oxygen (DO) concentrations (appendix table 22) were very 
low underneath the stockpiles, confirming anaerobic conditions, as compared to the dissolved 
oxygen concentrations underneath the grassy areas. Note however that both locations had DO 
concentrations that signified anaerobic conditions although the concentrations underneath the 
piles had lower DO concentrations than the DO concentrations underneath the grassy areas. 
Note also that the direction of surface (figure 34) and subsurface flow (note depth 
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measurements in table 22) was from the grassy areas towards the stockpile so it is possible 
for some of the oxygen from the water in the grassy areas to go towazd the subsurface water 
underneath the stockpiles. 
Potassium concentration under the piles was also significantly higher than the ones 
underneath the grassy areas. This suggests some potassium leaching from the manure 
stockpiles towards the subsurface water. 
Laboratory moisture study: 
This laboratory study determined moisture holding capacity of the two forms of 
manure (layer and turkey). Initial moisture content of the layer manure was 39.9% w.b. With 
232 ml of water added each day, six days elapsed before any leachate was produced from the 
30.48 cm deep manure, Figure 22. It took another three days of moisture additions before the 
leachate from all three treatments reached a "steady state" with discharge equal to liquid 
addition. Water additions continued until a total of 3016 ml (13 moisture additions x 232 ml) 
of liquid had been added. 
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Cumulative Water in vs. Water Out Layer Manure 
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Figure 23. Cumulative water accumulation and leachate loss for each of the cylinders with 
layer manure 
Figure 22 above shows the cumulative water input of 232 ml (0.06 gal) per day for 16 
days which was then left to drain to reach field capacity. Leachate from x119 cylinders started 
to leach out after 6 days. Based on this data, 30.48 cm (1 ft) of manure in the cylinders had a 
water holding capacity of approximately 7.62 cm of water (3 inches) per foot depth (6 days x 
0.5 inch day). 
Different degrees of compaction resulted in different manure densities in the 
cylinders. Because of this, different leachate volumes were observed. The leachate losses 
(average for rep. # 30, # 40 and # 50), showed the averages of the three replicates for the 
cumulative volume of leachate removed from the layer manure. For layer manure, the 
replicate with a 5% increase in density (rep # 40) did not show a significant difference from 
the replicate with 0% increase in density (rep # 30). However, the one with 10% increase in 
density (rep # 50) was significantly lower than the one with 0% increase in density (rep # 
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30). Note that the cylinders with greater densities have less volume of leachate released per 
day. The end moisture content for the layer manure was 63.25% w.b. for rep # 30, 60.51 % 
w.b. for rep # 40, and 59.06% for rep # 50. It was also found that the moisture content for 
rep#30 was significantly higher than the moisture contents of both rep # 40 and # 50. 
Initial moisture of the turkey litter was 28.38% w.b. The cumulative water input was 
.230 ml (1.27 cm) per day for 24 days for a total of 1,799.67 ml. Leachate from the nine 
cylinders were found to leach out of the compacted manure after 9 days (6 rainfall additions) 
for both the original and 5 % increase in density, while it took 12 days for the 10% increase in 
density. Based on this data, the 22.24 L (5.87 gal) of manure in the cylinders has a water 
holding capacity of approximately 3 inches per foot depth or 1.39 liters (0.37 gal) of water 
for base and 5% while the one with 10% increase in density has a water holding capacity of 
3.5 inches per foot depth or 1.62 liters (0.43 gal). Different leachate volumes were collected 
from the different compacted densities. Figure 24 showed the averages of the three replicates 
for the cumulative volume of leachate removed from the turkey manure. The replicate with a 
5% increase in density (rep # 40) had significantly less incremental volume from the replicate 
with 0% increase in density (rep # 30). The one with 10% increase in density (rep # 50) was 
also significantly less than the one with 0% increase in density (rep # 30). It can therefore be 
concluded that the more compacted the manure, the less the volume of leachate released. 
Note however that at the end of 24 days, the total volumes leached out were very nearly the 
same. The end moisture contents for the different manure replicates were: 63.25% w.b. for 
rep#30, 60.51 % w.b. for rep#40, 59.06% w.b. for rep # 50. It was also found that the 
moisture content of rep # 30 was significantly higher than the moisture content of rep # 40. 
Rep # 40 moisture content was significantly higher than rep # 50. 
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Cumulative Water In vs. Cumulative Water out Turkey Manure 
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Figure 24. Cumulative water accumulation and leachate loss for each of the cylinders with 
turkey manure 
Although turkey manure initially had less moisture than the layer manure, it retained 
more moisture at field capacity (20% additional moisture for layer while 39% additional 
moisture for turkey manure). This may be because turkey manure has more bulking material 
(litter consisting of sawdust, wood shavings, feather, etc.) therefore it has more pore space 
that can hold more water as compared to layer manure that purely consists of chicken 
manure. 
Nutrients were tested on rep#30 of the first and last leachate samples. 
Table 16. Leachate nutrient concentrations 
Constituent Initial Concentration, mg/L Final Concentration, mg/L 
TK:N 15733 2720 
Ammonia 8053 1440 
P 6173 422 
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Total Kjeldahl Nitrogen was found to decrease very significantly from an initial 
concentration of 15733 mg/L to 2720 mg/L in the final leachate sample. This is an 82.7% 
decrease in TKN. There is very little change in ammonia as percentage of TKN at 51.19°Io in 
the initial concentration and 52.94% for the final concentration. It is therefore reasonable to 
assume that organic nitrogen is also a constant percentage for both initial and final 
concentrations. Phosphorus decreased from 6173 mg/L to 422 mg/L. (table 16) 
Field study results: poulhy stockpile windrows 
While stockpiles are usually built in the fall in the Midwest, this study was carried out 
in the spring. This resulted in simulating worst case conditions because of higher 
precipitation amounts than would be expected over the winter, and increased biological 
activity within the stockpiles due to warmer temperatures. 
Shown in figure 25 was the cumulative rainfall event in inches for the entire duration 
of the study (5/5/03-10/22/03). Measured rainfall for Ames, IA was recorded by the Iowa 
State University Department of Agronomy Iowa Environmental Mesonet (IEM) (located near 
Field 5), and for 5/5/2003-10/22/2003 was found to be 20.89 inches. The major rainfall 
occurred from mid-June to early July and was approximately 10 inches. This was the time 
when surface and subsurface flow significantly flowed through all three set-ups (check plot, 
turkey plot and layer plot). When the stockpiles started leaching, there was only about 5 
inches of rainfall (for both turkey and layer stockpiles). From the laboratory portion of the 
study, 3 to 3.5 inches per foot is the water holding capacity of poultry manure. This may 
seem contradictory with this result given that theoretically, approximately 12 inches of 
moisture absorbed into the manure stockpile (4 ft height x 3 inches) should be observed 
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before any leachate is expected. Gravitational flow of the water does not necessarily make 
this theoretical estimate accurate because some of the water in the upper layers may have 
flowed down through the lower layers and started to percolate through the soil. 
Rainfall events in Ames,lA for 5Cl/03-10/22/03 
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Figure 25. Cumulative rainfall in Ames, IA from 5/7/03-10/22/03 
Tile flow from the turkey stockpile was 5.43 cm (2.14 inches) based on the bermed 
area. The check plot subsurface flow was 2.87 cm (1.13 inches) and layer stockpile was 0.64 
cm (0.25 inch) (figure 26). The experiment was not designed to determine exactly why the 
differences occurred, but larger pore spaces in the litter material may allow more water 
retention from the turkey stockpile. There was more subsurface flow from the turkey manure 
than from the check plot because of some sealing that may have occurred on the soil surface 
of the check plot preventing water from percolating through the soil because the surface run- 
off did not have enough time to percolate through the soil. The layer manure was 
approximately 100% manure and no bulking material, and therefore it had a higher particle 
density and had much lower water retention compared to the turkey manure. This was also 
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observed during sampling where the layer manure was sticky and had aclay-like consistency 
while the turkey litter was not. 
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Figure 27. Cumulative surface run-off from the layer plot, turkey plot and check plot 
Figure 27 shows more surface water from the layer manure as compared to the turkey 
manure. This agrees with the rainfall simulation results. Surface run-off from the layer 
manure was slightly lower than the amount in the check plot because very little amount of the 
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surface water went through the pile as a result of high particle density and small pore spaces 
to accommodate the inflow of water. 
Table 17. Summary of the volume of water balance in cm (inches for the Stockpiles in Lot 5 
Rain 
Surface 
Water 
Subsurface 
Water 
Water 
loss 
Water 
absorbed/ 
evaporated 
53.06 22.33 0.635 22.96 30.1 
Layer (20.89) (8.79) (0.25) (9.04) (11.85) 
53.06 14.76 5.43 20.19 32.87 
Turkey (20.89) (5.81) (2.14) (7.95) (12.94) 
53.06 23.21 2.87 26.09 26.97 
Check plot (20.89) (9.14) (1.13) (10.27) (10.618) 
Layer piles had less subsurface water flow than the turkey piles. This is thought to be 
primarily due to the difference in porosity of the piles and surface sealing that occurred on 
the layer manure pile and check plot. 
Surface run-off was highest from the check plot followed by layer manure. Turkey 
manure had the least amount of surface run-off. This result is consistent with the rainfall 
simulation data in table 9. The ability of turkey manure to absorb more water and release it 
easily resulted in more water infiltration in the pile while again, some sealing (due to smaller 
pore spaces) may have occurred for layer manure and the check plot. 
Moisture of the stockpiles was monitored as well. Different locations in the piles were 
selected to monitor moisture as indicated in figure 18. Moisture on the outer parts (1 and 2) 
of the pile had lower moisture content as compared to the inner parts of the pile (3, 4 and 5). 
Moisture change through time was also monitored using moisture probes. Figures 28 and 29 
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Moisture change through time was also monitored using moisture probes. Figures 28 and 29 
showed the average moisture at the different probes located in the stockpiles for both turkey 
and layer manure. 
For the turkey stockpile, the lower layer (4 ft below) showed a significantly higher 
moisture content than the upper layer (2 ft below) (see figure 28). This difference is due to 
some drying that occurs on the upper layer. This may also have been due to some 
gravitational movement of water in the turkey stockpile. The turkey pile had more pore 
spaces for water to move down to. 
For the layer stockpile, the lower layer and the upper layer of the stockpile showed no 
significant difference in moisture (See figure 29). Some crusting on the surface was evident 
sealing moisture in both the upper layers (2 ft below) and the lower layers (4 ft below). 
Natural crusting is beneficial in reducing odor by providing a barrier preventing gases such 
as ammonia and hydrogen sulfide to be emitted to the atmosphere. A 75% reduction in odors 
from manure (solid, liquid, slurry) was reported by the Iowa CAFO Air Quality Final Report 
in 2002. Moisture was also found to be more constant throughout the pile as compared to that 
of the turkey stockpile because the layer manure had a higher particle density that limited 
aeration and allowed crusting of the surface. 
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Moisture Content for Turkey 
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Figure 28. Initial and final moisture of the turkey stockpile 
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Figure 29. Initial and final moisture of the layer stockpile 
Initial and final nutrients in the manure piles were taken and compared. For the solid 
manure, Table 18 shows the average for the samples taken at the start of the experiment 
(initial-3/18/03) and after the pile has been removed and land applied (end-10/27/03). 
Composite samples from the different portions of the pile were taken before and after so we 
were unable to provide statistical analyses to identify any significant difference. 
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Concentrations of the nutrients (total nitrogen, phosphorus, potassium and ammonia 
nitrogen) for both the turkey and the layer manure did not show any noteworthy increase or 
decrease. (Table 18) 
However, total volatile solids were found to decrease from 78.7% down to 45.1 % for 
turkey manure and 38.1 % to 20.1 % for layer manure. This may be as a result of some 
decomposition occurring as a result of carbon, oxygen (as carbon dioxide) and methane 
reduction in the manure due to aerobic and perhaps some anaerobic decomposition. Non-
volatile nutrients such as N and P are concentrated in the residual dry matter resulting to 
small N and P losses (Powers and Van Horn, 2001).The conversion of organic nitrogen to 
ammonia nitrogen may have triggered significant volatilization of ammonia into the 
atmosphere. 
Note also that the study was conducted from 3/10/03-10/27/03. Farmers usually 
stockpile their manure during colder months. Colder temperature means less rainfall and less 
microbial activity. Therefore, the results in these tests are based on worst possible conditions. 
During the months between May and September when crops are growing, poultry farmers 
usually take this time to land apply the stockpiled manure to the growing crops. 
Table 18. Initial and final nutrient concentrations (w.b.) in solid turkey and laver manure 
Sample Name 
Total 
Nitrogen, 
% 
Phosphorus, 
% 
Potassium, 
% 
NH4-N, 
% 
VS, 
% of TS 
Turkey Solid 
Manure 3/ 18/03 2.59 2.71 1.7 0.83 78.7 
Turkey Solid 
Manure 10/27/03 2.02 4.18 1.8 8 0.74 45.1 
Layer Solid 
Manure 3/ 18/03 1.28 2.63 0.74 0. S 5 3 8.2 
Layer Solid 
Manure 10/27/03 1.56 5.34 2.32 0.3 20.1 
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Mass Balance of Nutrient Losses 
Mass balance of the nutrients from surface and subsurface water from a total of 
22,035.5 kg (45,820 lbs) of turkey manure and 33,895 kg (74,726 lbs) of layer manure is 
presented in table 19. The table indicates the amount in grams of the major nutrients NO3 + 
NO2, ammonia nitrogen, total phosphorus, dissolved phosphorus, total Kjeldahl nitrogen, 
total solids and potassium. Concentration values for these nutrients are shown in Appendix 
table 26. Note that in this table, the check plot values for the the (subsurface) flow and the 
surface flow were much lower compared to the turkey stockpile and the layer stockpile the 
and surface flow. Very low total solids concentrations were found in the check surface as 
compared to the check the flow due to some possible settling in the cattle tanks during 
sample collection (note that sample collection is done a couple of hours after precipitation 
has stopped). It is also evident from table 26 that surface flows from stockpiles pose a huge 
risk on phosphorus and nitrogen concentrations. Subsurface flows on the other hand only 
posed high risks on NO3 concentrations. Hence, farmers must be careful where to locate the 
stockpiles and follow some of the guidelines discussed by Collins in 1994. . 
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Table 19. Mass balance of nutrients from surface and subsurface water 
Description TKN NO3+NO2 NH4-N 
Total 
P2O5
Soluble 
P2O5 TS K2O 
g g g g g g g 
Check file 
average 78.17a 12.69a
_ 
1.60a 10.O5a 0.42a 4802.91a 3.42b
Check 
Surface 
Average 147.16a 112.83a 2.71a 18.70a 0.58a 748.43b 18.06a
Total for 
Check plot 225.33 125.52 4.31 28.75 1 55551.34 21.48 
Turkey Tile 
Average 412.40b 147.43b 13.00b 77.67b 2.56b 6681.69b 37.22b
Turkey 
Surface 
Average 1589.37a 239.99a 271.62a 252.13a 115.81a 13123.83a 1303.52a
Total for 
Turkey 
piles 2001.77 387.42 284.62 329.8 118.37 19805.52 1340.74 
Layer Tile 
Average 682.23b 329.41 a 96.92b 171.67b 14.18b 20255.09b 943.20b
Layer 
Surface 
Average 3323.40a 17.86b 1561.13a 869.97a 442.37a 101630.43a 12932.70a
Total for 
Layer piles 4005.63 347.27 1658.05 1041.64 456.55 121885.52 13875.9 
*Note that for the statistical analyses for file vs. surface, a>b 
*Note also that statistical comparisons were done for each plot, file vs. surface 
Statistical Analysis of mass flow 
A t-test for unequal variances was used to deternune the relationship of the mass for 
the surface and subsurface flow of the various nutrients in the check plot, layer stockpile and 
turkey stockpile. 
Statistical Analyses show that for the check plots, only the total solids and potassium 
had a significant difference when mass of the nutrients from the subsurface flow was 
compared to the mass of the nutrients from the surface water. Total solids were significantly 
higher in the subsurface flow as compared to the surface flow. This could be due to some 
sampling errors caused by some particle settling in the cattle tanks. Potassium was found to 
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be significantly lower in concentration in the subsurface water than in the surface water. This 
may be as a result of some potassium leaching from the surface to the subsurface. 
Statistical analyses for the nutrients flowing in surface and subsurface water from the 
turkey manure showed that the amounts of nutrients in the surface run-off water were 
significantly higher compared to the amount of nutrients in the the flow. Turkey manure has 
much lower bulk density (perhaps layer pores) so rainfall infiltrated through it, and then 
allowed leaching of the nutrients to the run-off and groundwater. This agrees with the 
laboratory analysis showing how moisture absorption to field capacity of turkey manure 
(lower bulk density) was much greater than the moisture absorption of layer manure (greater 
bulk density). 
Statistical Analyses for the mass of the nutrients flowing in surface and subsurface 
water from the layer stockpiles showed the mass flow of the nutrients in the subsurface water 
(tile flow) was significantly lower than the mass flow of the nutrients in the surface flow 
(run-offj. It is interesting to note however that NO3 + NO2 mass flow was greater in the the 
lines as compared to the NO3 +NO2 mass flow of surface flow (run-offj. There are several 
reasons for the low NO3 concentration in surface water and high NO3 concentration in the 
water. One is the fact that layer stockpiles had greater bulk density (less pore spaces for 
oxygen) than turkey stockpiles and therefore experienced anaerobic conditions which 
prompted the conversion of organic nitrogen (ON) to ammonia (through the process of 
volatilization) and N2 (through the process of denitri~cation). Some of the organic nitrogen 
in the surface was immediately converted to ammonia that was leached through the 
subsurface drains (tile lines). 
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For this portion of the study, the concentrations of the nutrients in the surface and 
subsurface flow were equal or greater than the limits/proposed limits set by the EPA. So 
pollution potential of poultry stockpiles can be seen both ways. As a farmer, minimal amount 
(0.1 %) of the manure nutrients are removed from the stockpile and so as a fertilizer, the 
nutrient value is minimally diminished but these nutrients are leached into the surface and 
subsurface water in highly concentrated forms that may be a potential source of pollution. 
Soil Sampling Results 
Soil sampling was done before the piles were set-up in Field 5 and after the stockpiles 
were removed. Soil analysis for both the major nutrients (P, K, Total N, NH4-N and NO3-N) 
and minor nutrients (Ca, Mg, Na, Al, Fe, Cu, Mn and Zn) were determined for the layer, 
turkey and check (control) plot. Tables 20 and 21 show the nutrient concentrations. Statistical 
analyses (ANOVA) of these concentrations showed that there was no significant difference 
in concentrations of the nutrients in the soil underneath the piles before and after the manure 
tests. 
Table 20. Nitrogen, (NO3-N, NH4-N), P, K, pH, total carbon (TC) and organic matter (OM) 
concentrations in the soil before and after the stud 
ID 
NO3-N, 
ppm 
NH4-
N, ppm TN% P, ppm K, ppm pH TC% OM% 
Layer-before 2.60a 41.SOa 0.11 a 85.25a 838.00a 7.70a 1.11 a 2. l0a
Layer-after 58.83a 35.33a 0.07a 85.92a 578.33a 7.31a 1.21a 2.32a
Turkey-before 0.33a 77.00a 0.06a 59.75a 274.75a 7.31a 1.13a 2.15a
Turkey-after 7.70a 59.92a 0.13a 140.17a 602.71 a 7.62a 1.34a 2.54a 
Check plot-
before 4.75a 5.25a 0.06a 32.25a 119.00a 7.29a 1.20a 2.30a
Check plot-after 9.75a 7.58a O.OSa 37.79a 116.08a 7.20a 0.99a 1.89a
*Note that statistical analyses done in this table compares nutrients before vs. nutrients after the study 
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Table 21. Concentrations of minor nutrients in the soil before and after the stud 
ID 
Ca, 
ppm 
Mg, 
ppm Na, ppm 
Al, 
ppm Fe, ppm 
Cu, 
ppm 
Mn, 
ppm 
Zn, 
ppm 
Layer-
before 2927.75a 438.00a 146.25a 384.75a 219.25a 1.45a ~ 70.25a 0.73a
Layer-after 3661.08a 440.83a 141.96a 473.08 132.92a 2.77a 70.83a 3.40a
Turkey-
before 3206.25a 437.25a 38.75a 572.75a 174.SOa 1.SOa 88.25a 0.78a
Turkey-
after 2954.92a 432.83a 175.SOa 484.42a 343.83a 2.54a 139.33a 3.33a
Check plot-
before 3389.25a 453.75a 6.25a 566.75a 94.SOa 2.18a 46.25a 0.66a
Check plot-
after 3183.42a 442.83a 6.25a 603.00a 104.17a 2.ola
_ 
79.71a 0.92a
*Note that statistical analyses done in this table compares nutrients before vs. nutrients after the study 
There was no significant build-up of nutrients in the soil during the entire duration of 
the study. The type of soil and its permeability for the leachate to flow is a significant factor. 
This however accounts only for the 1 year that the study was conducted and does not predict 
the possible nutrient accumulation in a span of several years that the farmer may stockpile in 
his farm. 
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CHAPTER 5. SUMMARY 
Rainfall simulation 
The different shapes of the scaled down piles in the rainfall simulation resulted in a 
difference in the time when the runoff started. However, volumes of runoff from the various 
shaped piles were not found to have any significant difference. Comparing the triangular and 
trapezoidal shaped piles showed that the trapezoidal surface run-off had lower nutrient 
concentrations for the turkey pile and layer pile (except for NO3 + NO2 and P20 5). From the 
mass balance it can be shown that there was less mass of nutrient run-off coming from the 
trapezoidal shaped piles. 
The concentrations of the nutrients from the turkey manure surface run-off were 
higher than the nutrients in the layer manure surface run-off. 
It was also concluded from this study of the initial and final concentrations of the 
solid manure nutrient composition that 1 hour of rain on the pile at 3.3 in/hr did not show any 
significant reduction in the nutrient content (except for some K leaching) for the layer 
manure but all the nutrients was significantly different before and after the study for the 
turkey manure. It therefore appears that producers should try to build flat topped stockpiles 
rather than several triangular shaped ones. 
Calculating the mass flow from the leachate showed that a very small percentage 
(maa~imum is only 0.1 °Io of the 50 kg) of the total manure stockpiled (50 kg) is actually 
removed. 
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Limitations of the study 
There are several limitations of this study. The effects of intense rainfall on other 
properties of the leachate such as turbidity, color, and bacterial count was not considered and 
focused mainly on the nutrients that may have significant effects in polluting agricultural 
water. Scaling down the piles may have excessive effects to the results. Another limitation is 
the variable surface area for rainfall interception as a result of the different shapes of the pile. 
Groundwater Study: Piezometers 
No significant nutrient contamination of phosphorus and total solids were detected in 
the groundwater under the turkey stockpiles. This does not necessarily mean that there is no 
phosphorus risk in the stockpile since phosphorus build-up in the soil was not accounted for 
and phosphorus does not easily leach with water 
Nitrate levels in the piezometers under grassy areas showed greater concentrations of 
nitrate than those underneath the piles. However, the averages for both locations (grassy and 
underneath the stockpiles) were less than the EPA limit of 10 mg/L. 
Ammonia nitrogen was found to be higher in wells underneath the piles than in wells 
located in grassy areas. In turkey stockpiles, ammonia concentration can build up to very 
high concentrations. The increased concentration of the ammonia underneath the piles is due 
to the leaching of the ammonia nitrogen from the piles to the groundwater and the 
denitri~cation of organic nitrogen to ammonia nitrogen due to the anaerobic conditions 
occurring underneath the piles. Ammonia concentrations for both locations however were 
found to be greater than the limit of 0.02 mg/L. Attached in the appendix are the dissolved 
oxygen concentrations underneath the stockpiles and underneath the grassy area. The 
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concentrations underneath the piles are clearly anaerobic as compared to the dissolved 
oxygen concentrations underneath the grassy areas. Note also that a contour map is attached 
in the appendix figure 32 showing the water table and the elevation of the soil surface to 
show the slope of the area and how the surface water flows through the entire area under 
study. 
Potassium concentration in piezometers under the piles was found to be significantly 
higher than the ones underneath the grassy areas. This however, does not pose any 
environmental issues since the nutrient potassium has no known negative environmental 
impact. 
Groundwater sampling showed slight differences in ground water quality. The main 
effect of the permanent turkey litter stockpile was to cause anaerobic and aerobic conditions 
below the ground resulting in higher ammonia and lower nitrate. Potassium showed the 
greatest difference. Although some environmental impacts are present, they appear to be 
fairly minor. Long term use of the same site appears to have resulted in compacted soil which 
has limited soil infiltration and afforded some protection of the shallow groundwater below. 
Limitations of the Study 
Although the surface water in this system is enclosed as a result of topographical 
barriers. The subsurface region around Ellsworth is generally asemi-open system where 
possible groundwater contaminants from other farms can come into the system. It was not 
possible to completely isolate the entire area from incoming subsurface flow. Also, turbidity, 
color and odor were not accounted for. There was some color differences in the subsurface 
water collected from the piezometers. 
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Laboratory Moisture Study and Field Study on Poultry Stockpile Windrows 
Laboratory methods to measure the effect of compaction on the rate of leaching was 
also conducted and showed 3 and 3 to 3.5 inches of moisture (rainfall) per foot of stockpile 
depth was added before any liquid leached out from fresh manure (initial layer manure 
moisture content is 39.9% w.b., initial turkey manure moisture content is 28.38°Io w.b.) 
A water balance showed the turkey stockpiles (lower bulk density) absorbed more 
water than the layer stockpiles (greater bulk density). This explained the observation that 
turkey manure piles had the least amount of surface water loss. In time, the absorbed 
moisture in turkey manure was leached out as subsurface water. Layer manure, had greater 
particle density and crusting, so more surface water was lost through surface run-off (it was 
more difficult for water to be absorbed in the manure), and less water was found to leach out 
(it was also more difficult to release moisture from the layer manure). 
Nutrient mass flow in the surface run-off was found to be significantly greater than 
the nutrient mass flow in the subsurface drains for the turkey stockpile. The same is true for 
layer manure except for nitrate which was found to be significantly greater in the flow as 
compared to surface flow. The soil underneath the stockpiles did not show significant 
differences in the nutrient concentration before and after the study was conducted. 
Limitations of the study 
This study was conducted for one year, simulating a worst case scenario in the farm. 
However, it was not designed to predict possible accumulation of nutrients in the soil after 
several years of stockpiling. Another limitation is that color, odor and turbidity from the 
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leachate were not accounted for. Although the results show that the concentrations from the 
stockpiles were lower than the standard limits set by the EPA, further studies should be done 
before we can safely say that the surface water and subsurface water is completely safe from 
pollutants such as microorganisms such as E. coli and fecal streptococcus. 
Another limitation of the field study is the fact that only one replicate for each of the 
set-up was done and statistical analyses were done on the samples taken during the entire 
duration of the study. 
Weather conditions for succeeding studies may be different for dissimilar locations 
making this result accurate only to the places with similar conditions. 
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CHAPTER 6. GENERAL CONCLUSIONS 
This study showed that poultry farmers building uncovered stockpiles or windrows 
should put extra effort in building stockpiles with flatter tops (trapezoidal-shaped) instead of 
piling them in triangular-shaped piles to limit nutrients from leaching via surface run-off. 
The extent of contamination in the groundwater for the commercial farm in Ellsworth 
was not significant. Some anaerobic conditions were observed resulting in higher 
concentrations of ammonia underneath the piles. However, the concentrations of the nutrients 
(N and P) were relatively low and did not exceed most of the EPA limits (except for 
ammonia-nitrogen concentration = 0.1 mg/L). 
Laboratory results showed that the water holding capacity of fresh manure was 3 to 
3.5 inches of moisture (rainfall) per foot of stockpile depth. In larger piles however, this may 
not be the case since gravitational potential may cause the water to be vertically carried out 
of the pile before the water holding capacity is reached. 
Windrow stockpiles in the field showed that layer stockpile had more surface run-off 
but less subsurface flow as compared to turkey stockpile. The nutrients for the surface run- 
off and subsurface flow from these stockpiles were dangerously exceeding or reaching the 
limits set by the EPA so caution should be done when stockpiling manure in the field. Proper 
waste management procedures should be followed. 
Overall the study indicates that poultry manure stockpiles pose a risk to water quality. 
The mass of nutrients lost was extremely low compared to the total mass in the stockpiles, 
but was still greater than zero. Good management is essential to minimize stockpile pollution 
effects. 
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APPENDIX 1: PIEZOMETER DATA 
Table 22. Dissolved oxygen concentrations (mg/1), pH, temperature and depth of water table 
underneath the Hiles and underneath the ~rassv areas 
Wells Dissolved 
Oxygen 
pH Temperature 
°C 
Distance from 
ground level of 
water in the 
wells, inches 
1 1.62 6.28 10.5 9 
2 0.75 6.42 12.9 18 
3 0.84 6.74 12.3 12 
4 1.10 7.06 10.9 23.5 
5 1.72 6.96 10.9 20 
*Note that the red ellipse marks the area where the stockpile is located 
Figure 30. Contour Map of the general area of the Ellsworth site showing the different 
ground elevations in the surrounding area (GIS-ISU, 1994) 
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Note that the red ellipse marks the area where the stockpile is located 
Figure 31.Orthographic view of the Ellsworth, IA site (GIS-ISL~, 2004) 
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Table 23. Survey information for the Ellsworth, IA site 
Points 
angle- 
horizontal, 
from true 
north 
angle- 
vertical 
h 1, 
ft
h2, 
ft h 1 - h2 
distance 
from point 
to 
benchmark 
depth, 
feet 
benchmark l 0.00 0.00 0.00 0.00 0.00 feet 
1 7.25 3.00 4.78 0.00 4.78 91.27 0.00 
2 15 9.20 1.13 3.20 0.08 3.12 15 8.71 1.5 8 
3 103.25 5.50 10.62 0.08 10.53 109.39 -5.83 
4 105.03 3.25 9.08 0.08 9.00 158.50 -4.30 
5 103.90 1.00 4.74 0.08 4.66 266.88 0.04 
6 94.33 1.00 8.47 0.08 8.38 480.28 -3.68 
7 94.00 1.25 6.25 0.08 6.17 282.61 -1.47 
8 87.00 1.25 6.71 0.08 6.63 303.62 -1.93 
9 79.10 0.95 7.00 0.08 6.92 417.12 -2.22 
10 78.33 1.00 9.20 0.08 9.12 522.29 -4.42 
11 85.00 5.25 11.78 0.08 11.70 127.33 -7.00 
12 95.00 14.60 12.13 0.08 12.05 46.26 -7.35 
BM#2=pt5 0.08 -0.08 4.78 
BM# 1 285.80 1.00 4.82 0.08 4.73 271.17 -0.03 
15 78.60 0.85 6.42 0.08 6.33 426.88 -1.63 
16 84.90 0.80 7.25 0.08 7.17 513.24 -2.47 
17 80.10 0.80 7.33 0.08 7.25 519.21 -2.55 
18 74.60 1.13 6.42 0.08 6.33 322.51 -1.63 
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Figure 32. Topographic view of the Ellsworth site based on the survey conducted stable 22) 
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APPENDIX 2: FIELD 5 STOCKPILED I~ZANURE 
Table 24. Average soil analysis of minor nutrients in A►AERC, field S 
Description 
Ca, 
ppm 
Mg, 
ppm 
Na, 
ppm 
Al, 
ppm 
Fe, 
ppm 
Cu, 
ppm 
Mn, 
ppm 
Zn, 
ppm 
Chicken-initial 2927.75 438.00 146.25 384.75 219.25 1.45 70.25 0.73 
Chicken Final 3661.08 440.83 141.96 473.08 132.92 2.77 70.83 3.40 
Turkey-initial 3206.25 437.25 38.75 572.75 174.50 1.50 88.25 0.78 
Turkey-final 2954.92 432.83 175.50 484.42 343.83 2.54 139.33 3.33 
Check plot-initial 3389.25 453.75 6.25 566.75 94.50 2.18 46.25 0.66 
Check plot final 3183.42 442.83 6.25 603.00 104.17 2.01 79.71 0.92 
Table 25. Average soil analysis of maior nutrients in A~AERC field 5 
Description TN% 
NH4-N, 
ppm 
NO3-N, 
ppm 
P, 
ppm 
K, 
ppm pH TC% OM% 
Chicken-initial 0.11 41.50 2.60 85.25 838.00 7.70 l.11 2.10 
Chicken Final 0.07 35.33 58.83 85.92 578.33 7.31 1.21 2.32 
Turkey-initial 0.06 77.00 0.33 59.75 274.75 7.31 1.13 2.15 
Turkey final 0.13 59.92 7.70 140.17 602.71 7.62 1.34 2.54 
Check plot-
initial 0.06 5.25 4.75 32.25 119.00 7.29 1.20 2.30 
Check plot final 0.05 7.58 9.75 37.79 116.08 7.20 0.99 1.89 
Table 26.Nutrient concentrations for the surface and subsurface water 
Description NO3+NO2 NH3-N 
Total 
P20 5
Soluble 
P20 5 TKN TS K20 
mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
Check the 
average 8.35 1.05 6.61 0.28 51.43 3160.00 2.25 
Check Surface 
Average 
74.24 
(5.13) 1.78 12.30 0.38 96.83 492.42 11.88 
Turkey Tile 
Average 17.92 1.58 9.44 0.31 50.13 812.26 4.52 
Turkey Surface 
Average 29.18 33.02 30.65 14.08 193.21 1595.40 158.46 
Layer Tile 
Average 37.81 11.13 19.71 1.63 78.31 2325.05 108.27 
Layer Surface 
Average 2.05 179.20 99.86 50.78 381.49 11666.00 1484.53 
*Note that for NO3+NO2 in the check surface average, the concentration 74.24 mg/L includes the outlier value 558 mg/L while 5.13 mg/L 
excludes the outlier. 
*Note also that the low TS values in the check surface may be due to some settling in the cattle tanks during sample collection. 
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